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(54) MANUFACTURE OF RARE-EARTH BOND MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rare-earth bond magnet having a low hole rate, high dimensional 
precision, excellent moldability and excellent magnetic characteristics. 

SOLUTION: First, rare-earth magnetic powder, binder resin composed of thermoplastic resin and 
antioxidant are mixed with predetermined ratios and the mixture is kneaded at a temperature higher than 
the heat deformation temperature. Then the kneaded mixture is granulated or rectified to obtain grains. 
The grains are subjected to the compression molding at a 1st temperature at which the thermoplastic resin 
is softened or melt and then cooled to a 2nd temperature which is at least lower than the 1st temperature 
while the pressure is applied and the thermoplastic resin is solidified to obtain a rare-earth bond magnet. It 
is recommended that the 2nd temperature is lower than the melting point or the heat deformation 
temperature of the thermoplastic resin. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A manufacture method of a rare earth bond magnet which comes to join together rare earth 
magnet powder characterized by providing the following with joint resin which consists of thermoplastics A 
process which mixes and kneads said rare earth magnet powder and said joint resin, and manufactures a 
kneading object They are a granulation or the process which carries out a particle size regulation and 
which is used as a granular object about said kneading object. A process which carries out pressing at the 
1st temperature from which said joint resin will be in softening or a melting condition using said granular 
object A process cooled in the state of application of pressure to the 2nd temperature which is said under 
1 st temperature at least 

[Claim 2] Said kneading is the manufacture method of a rare earth bond magnet according to claim 1 which 
is the temperature more than heat deflection temperature of said joint resin, and is performed so that a 
front face of said rare earth magnet powder may be in the condition of having been covered with melting or 
a softened joint resinous principle. 

[Claim 3] A manufacture method of a rare earth bond magnet according to claim 1 or 2 that a content of 
said rare earth magnet powder in said kneading object is 90 - 99wt%. 

[Claim 4] A manufacture method of a rare earth bond magnet according to claim 1 to 3 which contains an 
anti-oxidant in said kneading object. 

[Claim 5] A manufacture method of a rare earth bond magnet according to claim 4 that a content of said 
anti-oxidant in said kneading object is 0.1 - 2wt%. 

[Claim 6] Said granulation or particle size regulation is the manufacture method of a rare earth bond 
magnet according to claim 1 to 5 performed by grinding. 

[Claim 7] mean particle diameter of said granular object — 10 micrometers - a manufacture method of a 
rare earth bond magnet according to claim 1 to 6 which is 2mm. 

[Claim 8] Said pressing is the manufacture method of a rare earth bond magnet according to claim 1 to 7 
which is compression molding. 

[Claim 9] Said 2nd temperature is the manufacture method of a rare earth bond magnet according to claim 
1 to 8 which is the melting point of said joint resin. 

[Claim 10] Said 2nd temperature is the manufacture method of a rare earth bond magnet according to 
claim 1 to 8 which is the heat deflection temperature of said joint resin. 

[Claim 11] A manufacture method of a rare earth bond magnet according to claim 1 to 10 that a difference 
of said 1st temperature and said 2nd temperature is 20 degrees C or more. 

[Claim 12] Cooling in said application-of-pressure condition is the manufacture method of a rare earth 
bond magnet according to claim 1 to 1 1 performed continuously, without canceling application of pressure 
in the case of said pressing. 

[Claim 13] A manufacture method of a rare earth bond magnet according to claim 1 to 12 that a pressure 
at the time of cooling in said application-of-pressure condition is less than [ an EQC or it ] to compacting 
pressure at the time of said pressing. 

[Claim 14] A pressure at the time of cooling in said application-of-pressure condition is the manufacture 
method of a rare earth bond magnet according to claim 1 to 13 currently uniformly held to the melting point 
of said joint resin at least. 



[Claim 15] A pressure at the time of cooling in said application-of-pressure condition is the manufacture 
method of a rare earth bond magnet according to claim 1 to 13 currently uniformly held to temperature 
between said 1st temperature and 2nd temperature at least. 

[Claim 16] A cooling rate at the time of cooling in said application-of-pressure condition is the 
manufacture method of a rare earth bond magnet according to claim 1 to 15 which is 0.5-100 degrees 
C/second. 

[Claim 17] Compacting pressure at the time of said pressing is 2 60 kgf/mm. A manufacture method of a 
rare earth bond magnet according to claim 1 to 16 which is the following. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the manufacture method of a rare 

earth bond magnet, and the constituent for rare earth bond magnets. 

[0002] 

[Description of the Prior Art] Pressing of the rare earth bond magnet is carried out to the magnet 
configuration of a request of the mixture (compound) of rare earth magnet powder and joint resin (organic 
binder), and it is manufactured. It divides roughly into the shaping method by this pressing, and there are 
compression forming, an injection-molding method, and an extrusion method in it. 

[0003] Compression forming is the method of being filled up with said compound into press metal mold, 
pressing this at predetermined temperature and acquiring a Plastic solid, making harden it after that, when 
joint resin is thermosetting resin, and using as a magnet. Compared with other methods, the amount of 
resin of this method in the magnet with which the amount of joint resin was obtained since it was able to 
fabricate at least decreases, and it is advantageous for improvement in magnetic properties. 
[0004] An extrusion method is the method of carrying out cooling solidification, while extruding said 
compound by which heating melting was carried out from the metal mold of an extruding press machine, 
and cutting to the desired length and using as a magnet. Although there is an advantage that the flexibility 
to a magnetic configuration is large and the magnet of thin meat and a long picture can also be 
manufacture easily , by this method , in order to secure the fluidity of the melt at the time of shaping , 
there is a defect that there are many amounts of resin in the magnet which needed to make [ many ] the 
addition of joint resin compared with it of compression forming , therefore was obtained , and there is an 
inclination for magnetic properties to fall . 

[0005] An injection-molding method is the method of carrying out heating fusion of said compound, pouring 
in this melt into metal mold, where sufficient fluidity is given, and fabricating in a predetermined magnet 
configuration. By this method, the flexibility to a magnetic configuration has the advantage that it is still 
larger compared with an extrusion method, and a variant magnet can also be manufactured especially easily. 
However, since level with the fluidity of the melt at the time of shaping higher than said extrusion method 
is required, the addition of joint resin has the defect that there are many amounts of resin in the magnet 
which needed to make [ more / still ] it compared with it of an extrusion method, therefore was obtained, 
and there is an inclination for magnetic properties to fall. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, compression molding which can fabricate a magnet 
with the magnetic highest engine performance among the above all directions methods has a defect [ like / 
next]. 

[0007] Although the density of a Plastic solid is high, in order that the rare earth bond magnet 
manufactured by the 1st may show the inclination for a void content to become high, its mechanical 
strength is weak and it is inferior to corrosion resistance in it. Therefore, it sets especially to compression 
forming and is compacting pressure 70 kgf(s)/mm 2 High-pressure molding made into the above and high 
voltage was utilized, and it was coped with by performing coating processing for corrosion prevention etc. 
after shaping. However, the burden of high-pressure molding to that of a making machine is large, and when 



performing coating processing for corrosion prevention, the process for it is added and it causes lowering 
of the productivity by complication of a manufacturing process, and lifting of a manufacturing cost. 
[0008] Since resin is in the condition of not hardening, change of the physical properties by hardening of 
resin and change of the physical properties by water absorption arise, and, as for the compound which used 
[ 2nd ] thermosetting resin, the moldability of a compound changes with time. By this, even when it 
fabricates on the same conditions, the size and density of a Plastic solid change, and fabricating to stability 
becomes difficult. Moreover, when thermosetting resin is used, in order a curing (hardening) process is 
needed, and change of the size by the reaction of the resin at the time of curing arises it not only leads to 
an increment and cost rise of a process by this, but and to secure an aim size, amendment of a metal mold 
size is needed and size reservation is not easy. 

[0009] Moreover, in the case of the conventional compression molding, both solid thing and liquefied thing 
are used at a room temperature as thermosetting resin. Among these, when the former solid-state resin is 
used, although ****** is comparatively good, its moldability is bad, and the inclination for a void content to 
become high more is shown. Moreover, the dispersibility of resin and magnet powder is bad, consequently a 
mechanical strength falls. On the other hand, although it is possible to acquire the Plastic solid of high 
density when the latter liquefied resin is used, the physical properties of resin change sensitively under the 
effect by the environment at the time of shaping (temperature, humidity), and the restoration nature to 
metal mold falls. 

[0010] Therefore, variation arises to a magnetic aim size, namely, dimensional accuracy is bad and lacks in 
the stability of shaping. Especially, in the case of a small magnet, this defect becomes remarkable. Thus, 
since the variation in a size is large, in order to secure the aim size of the last magnet product, after 
fabricating more greatly than an aim size, fabricating, such as a cut and polishing, needs to adjust a size. 
Since the increment in a process is caused and a poor material is generated by processing by this, 
productivity falls and a manufacturing cost increases. Moreover, in order to cancel such a defect, a special 
device must be given to the structure and the forming cycle of a making machine, consumption of a making 
machine is also remarkable and the cycle time of shaping also becomes long. 

[0011] Furthermore, it is one of the causes that the 1st and 2nd above defects also have unsuitable 
manufacture method of a compound, manufacture conditions, temperature conditions at the time of shaping, 
cooling conditions after shaping, etc. 

[0012] Therefore, the object of this invention is to offer the manufacture method of a rare earth bond 
magnet that the rare earth bond magnet of the low void content excellent in a moldability, magnetic 
properties, and dimensional stability can be manufactured easily. 
[0013] 

[Means for Solving the Problem] Such an object is attained by this invention of following the (1) - (1 7). 
[0014] (1) A process which is the manufacture method of a rare earth bond magnet which comes to join 
rare earth magnet powder together with joint resin which consists of thermoplastics, mixes and kneads said 
rare earth magnet powder and said joint resin, and manufactures a kneading object, A process which 
carries out pressing of said kneading object at a granulation or a process which carries out a particle size 
regulation, and which is used as a granular object, and the 1st temperature from which said joint resin will 
be in softening or a melting condition using said granular object, A manufacture method of a rare earth 
bond magnet characterized by having a process cooled in the state of application of pressure to the 2nd 
temperature which is said under 1st temperature at least. 

[0015] (2) Said kneading is the manufacture method of a rare earth bond magnet given in the above (1) 
which is the temperature more than heat deflection temperature of said joint resin, and is performed so 
that a front face of said rare earth magnet powder may be in the condition of having been covered with 
melting or a softened joint resinous principle. 

[0016] (3) A manufacture method of a rare earth bond magnet given in the above 1 or 2 whose contents of 
said rare earth magnet powder in said kneading object are 90 - 99wt%. 

[0017] (4) The above (1) which contains an anti-oxidant in said kneading object thru/or a manufacture 
method of a rare earth bond magnet given in either of (3). 



[0018] (5) A manufacture method of a rare earth bond magnet given in the above (4) whose content of said 
anti-oxidant in said kneading object is 0.1 - 2wt%. 

[0019] (6) Said granulation or particle size regulation is the manufacture method of a rare earth bond 
magnet the above (1) performed by grinding thru/or given in either of (5). 

[0020] (7) mean particle diameter of said granular object — 10 micrometers - a manufacture method of a 
rare earth bond magnet the above (1) which is 2mm thru/or given in either of (6). 

[0021] (8) Said pressing is the manufacture method of a rare earth bond magnet the above (1) which is 
compression molding thru/or given in either of (7). 

[0022] (9) Said 2nd temperature is the manufacture method of a rare earth bond magnet the above (1) 
which is the melting point of said joint resin thru/or given in either of (8). 

[0023] (10) Said 2nd temperature is the manufacture method of a rare earth bond magnet the above (1) 
which is the heat deflection temperature of said joint resin thru/or given in either of (8). 
[0024] (11) The above (1) whose difference of said 1st temperature and said 2nd temperature is 20 
degrees C or more thru/or a manufacture method of a rare earth bond magnet given in either of (10). 
[0025] (12) Cooling in said application-of-pressure condition is the manufacture method of a rare earth 
bond magnet the above (1) performed continuously, without canceling application of pressure in the case of 
said pressing thru/or given in either of (11). 

[0026] (13) The above (1) whose pressure at the time of cooling in said application-of-pressure condition 
is less than [ an EQC or it ] to compacting pressure at the time of said pressing thru/or a manufacture 
method of a rare earth bond magnet given in either of (12). 

[0027] (14) A pressure at the time of cooling in said application-of-pressure condition is the manufacture 
method of a rare earth bond magnet the above (1) currently uniformly held to the melting point of said joint 
resin at least thru/or given in either of (13). 

[0028] (15) A pressure at the time of cooling in said application-of-pressure condition is the manufacture 
method of a rare earth bond magnet the above (1) currently uniformly held to temperature between said 
1st temperature and 2nd temperature at least thru/or given in either of (13). 
[0029] (16) A cooling rate at the time of cooling in said application-of-pressure condition is the 
manufacture method of a rare earth bond magnet the above (1) which is 0.5-100 degrees C/second 
thru/or given in either of (15). 

[0030] (17) Compacting pressure at the time of said pressing is 2 60 kgf/mm. The above (1) which is the 

following thru/or a manufacture method of a rare earth bond magnet given in either of (16). 

[0031] 

[Embodiment of the Invention] Hereafter, the manufacture method of the rare earth bond magnet of this 
invention is explained to details. 

[0032] The manufacture method of the rare earth bond magnet of this invention mainly has the following 
processes. 

[0033] Manufacture **** of the kneading object of the constituent for <1> rare-earth bond magnets and 
the constituent for rare earth bond magnets (only henceforth a "constituent") are adjusted. This 
constituent mainly consists of rare earth magnet powder and joint resin (binder). Moreover, an antioxidant 
is contained preferably and other additives are added if needed. It is mixed using mixers and agitators, such 
as a Henschel mixer, further, each of these constituents are kneaded so that it may mention later, and they 
obtain a kneading object. 

[0034] Hereafter, each of these constituents are explained. 

[0035] 1. What consists of an alloy containing rare earth elements and transition metals as rare earth . 
magnet powder rare earth magnet powder is desirable, and following [1] - [4] is desirable especially. 
[0036] [1] What makes a fundamental component the rare earth elements which are mainly concerned with 
Sm, and the transition metals which are mainly concerned with Co (henceforth a Sm-Co system alloy). 
[0037] [2] What makes a fundamental component the transition metals which are mainly concerned with R 
(at least one sort however, among the rare earth elements with which R contains Y), and Fe, and B 
(henceforth a R-Fe-B system alloy). 



[0038] [3] What makes a fundamental component the rare earth elements which are mainly concerned with 
Sm, the transition metals which are mainly concerned with Fe, and the element between grids which is 
mainly concerned with N (henceforth a Sm-Fe-N system alloy). 

[0039] [4] What makes a fundamental component transition metals, such as R (at least one sort however, 
among the rare earth elements with which R contains Y), and Fe, and has a magnetic phase on nano meter 
level (henceforth a "nano crystal magnet"). 

[0040] [5] The above [1] What mixed at least two sorts in the thing of a presentation of - [4]. In this case, 
it can have the advantage of each magnet powder to mix simulataneously, and more excellent magnetic 
properties can be acquired easily. 

[0041] As a typical thing of a Sm-Co system alloy, SmCoS and Sm2 TM1 7 (however, TM, transition metals) 
are mentioned. 

[0042] As a typical thing of a R-Fe-B system alloy, a Nd-Fe-B system alloy, a Pr-Fe-B system alloy, a 
Nd-Pr-Fe-B system alloy, a Ce-Nd-Fe-B system alloy, a Ce-Pr-Nd-Fe-B system alloy, the thing that 
replaced a part of Fe in these with other transition metals, such as Co and nickel, are mentioned. 
[0043] It is Sm2 Fe17N3 which nitrided and produced Sm2 Fe17 alloy as a typical thing of a Sm-Fe-N 
system alloy. It is mentioned. 

[0044] as said rare earth elements in magnet powder, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, Lu, and a misch metal mention — having — these — one sort — or two or more sorts can be included, 
moreover, Fe, Co, nickel, etc. mention as said transition metals — having — these — one sort — or two or 
more sorts can be included. Moreover, in order to raise magnetic properties, in magnet powder, B, aluminum, 
Mo, Cu, Ga, Si, Ti, Ta, Zr, Hf, Ag, Zn, etc. can also be contained if needed. 

[0045] Moreover, especially the mean particle diameter of magnet powder is 0.5-100 micrometers, although 
not limited. A degree is desirable and it is 1-50 micrometers. A degree is more desirable, in addition, the 
particle size of magnet powder etc. — for example, F.S.S.S. (Fischer Sub-Sieve Sizer) — it can measure 
by law. 

[0046] Moreover, even when the particle size distribution of magnet powder is uniform, even if it distributes 
to some extent (there is variation), it is good, but latter one is desirable in order to obtain the good 
moldability at the time of shaping by a small amount of joint resin which is mentioned later. Thereby, the 
void content of the obtained bond magnet can also be reduced more. In addition, in the above [5], the mean 
particle diameter may differ for every presentation of the magnet powder to mix. 

[0047] It may be the quenching thin band manufacturing installation used for especially the manufacture 
method of magnet powder not being limited, for example, producing an alloy ingot by dissolution and casting, 
grinding this alloy ingot to a moderate grain size, and manufacturing a ********** (classifying further) thing 
and an amorphous alloy, and any are [ a ribbon-like quenching flake (detailed polycrystals gather) may be 
manufactured, this flake (thin band) may be ground to a moderate grain size, and ] sufficient as a 
********** (classifying further) thing etc. 

[0048] It is desirable that it is about 90-99wt%, as for the content in the inside of the kneading object of 
the above magnet powder, it is more desirable that it is about 93-99wt%, and it is more desirable that it is 
about 95-99wt%. If improvement in magnetic properties (especially magnetic energy product) cannot be 
aimed at if there are too few contents of magnet powder, and there are too many contents of magnet 
powder, the content of joint resin will decrease relatively and a moldability will fall. 
[0049] 2. Joint Resin (Binder) 

Thermoplastics is used as joint resin (binder). Although it is advantageous compared with the case where 
thermosetting resin is used when obtaining the magnet of a low void content when thermoplastics is used 
as joint resin, in this invention, the temperature conditions at the time of shaping mentioned later, cooling 
conditions, and a conjointly more low void content are realizable. 

[0050] As thermoplastics, for example A polyamide (example: nylon 6, Nylon 46, Nylon 66, Nylon 610, Nylon 
612, Nylon 11, Nylon 12, Nylon 612, nylon 6 -66), Liquid crystal polymers, such as thermoplastic polyimide 
and aromatic polyester system resin, Polyphenylene oxide, polyphenylene sulfide, polyethylene, Polyolefines, 
such as polypropylene and an ethylene-vinylacetate copolymer, The copolymer which is mainly concerned 



with these, a blend object, a polymer alloy, etc. are mentioned, and denaturation polyolefine, a polyether, 
polyacetal, etc. can mix and use 1 of sorts of these, and two sorts or more. 

[0051] among these — also coming out — that which is mainly concerned with polyolefine is desirable in 
respect of that which is excellent in a moldability, and is mainly concerned with a liquid crystal polymer and 
polyphenylene sulfide from the point of a polyamide or its copolymer, and heat-resistant improvement 
since the mechanical strength is strong, the ease of shaping, or low cost. Moreover, these thermoplastics is 
excellent also in kneading nature with magnet powder. 

[0052] It is desirable that the melting point is a thing 120 degrees C or more, as for the thermoplastics 
used, it is more desirable that it is what is 122 degrees C - 400 degrees C, and it is still more desirable 
that it is what is 125 degrees C - 350 degrees C. The thermal resistance of a magnet Plastic solid falls 
that the melting point is the thing of under said lower limit, and it becomes difficult to secure sufficient 
temperature characteristic (magnetic or mechanical). Moreover, the temperature at the time of shaping 
rises that it is that to which the melting point exceeds said upper limit, and it becomes easy to produce 
oxidation of magnet powder etc. 

[0053] Moreover, in order to raise a moldability more, as for the average molecular weight (polymerization 
degree) of the thermoplastics used, it is desirable that it is 10000 to about 60000, and it is more desirable 
that it is 1 0000 to about 35000. 

[0054] It is desirable that it is about 1-10wt%, as for the content in the inside of the kneading object of the 
above joint resin, it is desirable that it is about 1-8wt%, and it is still more desirable that it is about 1-5wt%. 
When there are too many contents of joint resin, the inclination to be unable to aim at improvement in 
magnetic properties (especially the maximum magnetic energy product), and for dimensional accuracy to 
fall is shown. Moreover, if there are too few contents of joint resin, a moldability will fall. 
[0055] 3. An antioxidant antioxidant is an additive added in this constituent, in order to prevent the 
deterioration (generated when the metal component of rare earth magnet powder works as a catalyst) by 
the oxidation degradation of rare earth magnet powder, or oxidation of joint resin in the case of 
manufacture of a kneading object etc. Addition of this antioxidant prevented oxidation of rare earth magnet 
powder, and it has played the role important at the time of kneading of the constituent for rare earth bond 
magnets, when contributing to improvement in the thermal stability at the time of shaping and securing a 
good moldability in the small amount of joint resin while it contributes to aiming at improvement in magnetic 
magnetic properties. 

[0056] Since this antioxidant volatilizes or deteriorates in the time of kneading and shaping to a magnet 
etc., after that part has remained, it exists in the manufactured rare earth bond magnet. 
[0057] The chelating agent which what kind of thing is sufficient as as an antioxidant as long as it can 
prevent or control oxidation of rare earth magnet powder etc., for example, generates a chelate compound 
to metal ions, such as an amine system compound, an amino acid system compound, nitro carboxylic acids, 
a hydrazine compound, a cyanide compound, and a sulfide, especially Fe component is used suitably. In 
addition, it cannot be overemphasized about the class of antioxidant, and a presentation that it is not 
limited to these things. 

[0058] When adding such an antioxidant, as for the content of the antioxidant in a kneading object, 
considering as about 0.1-2wt% is desirable, and considering as about 0.5-1. 5wt% is more desirable. In this 
case, as for the content of an antioxidant, it is desirable that it is about 2 - 150% to the content of joint 
resin, and it is more desirable that it is about 30 - 100%. 

[0059] In addition, it cannot be overemphasized that the addition of an antioxidant may be below the lower 
limit of said range, and you may be additive-free in this invention. 

[0060] The addition of said joint resin and antioxidant is determined with careful attention to the following. 
[0061] That is, when there is little joint resin, the amount of magnet powder increases relatively and the 
viscosity of the kneading object in the case of kneading becomes high, and kneading torque increases and 
it becomes the inclination for oxidation of resin to be promoted by pyrexia. If there are few amounts of 
antioxidants at this time, it will become impossible to fully control oxidation of resin, viscosity lifting of a 
kneading object (resin melt) will arise, kneading nature and a moldability will fall, and the magnet which was 



excellent in dimensional stability with the low void content and the high mechanical strength will not be 

obtained. Moreover, when there are many amounts of antioxidants, the amount of resin decreases relatively 

and the inclination for the mechanical strength of a Plastic solid to fall is shown. 

[0062] On the other hand, when there is much joint resin, the amount of magnet powder decreases 

relatively, the effect to the resin of magnet powder falls, and oxidation of resin stops being able to happen 

easily. Therefore, an antioxidant becomes possible [ controlling oxidation of resin at least ]. 

[0063] Thus, if there are comparatively many contents of joint resin, the content of an antioxidant can be 

lessened, and if reverse has few contents of joint resin, it is necessary to make [ many ] the content of an 

antioxidant. 

[0064] Therefore, as for the sum total content of the joint resin in a kneading object, and an antioxidant, it 
is desirable that it is 1.0 - 8.0wt%, and it is more desirable that it is 2.0 - 6.0wt%. By considering as such a 
range, it contributes to improvement in antioxidizing, such as a moldability at the time of shaping, the ease 
of shaping, and magnet powder, and the magnet of a low void content, a high mechanical strength, and high 
magnetic properties is obtained. 

[0065] 4. In other additives and a kneading object, various additives, such as a plasticizer (for example, 
fatty-acid salts, such as zinc stearate, a fatty acid), lubricant (for example, various inorganic lubricant, such 
as silicone oil, various waxes, a fatty acid, an alumina, a silica, and a titania), and other shaping assistants, 
may be added if needed. 

[0066] Since addition of a plasticizer raises the fluidity at the time of shaping, it makes it possible to be 
able to acquire the same property with the addition of fewer joint resin, and to press with lower moulding 
pressure. The same is said of addition of lubricant. As for the addition of a plasticizer, it is desirable that it 
is about 0.01-0.2wt% f and, as for the addition of lubricant, it is desirable that it is about 0.05-0.5wt%. 
[0067] Other additives are mixed with an antioxidant if needed as preferably as the above rare earth 
magnet powder and joint resin, it kneads further, and a kneading object is manufactured. 
[0068] Mixing is performed using mixers and agitators, such as a Henschel mixer. 

[0069] Kneading is performed using kneading machines, such as for example, a biaxial extrusion kneading 
machine, a roll type kneading machine, and a kneader. 

[0070] This kneading is preferably performed at the temperature more than the heat deflection 
temperature (it measures by the method by ASTM D648) of the joint resin to be used, and the temperature 
more than the melting point of the joint resin used more preferably. 

[0071] For example, when a polyamide (heat deflection temperature of 145 degrees C, melting point of 178 
degrees C) is used as joint resin, a desirable kneading temperature is about 150-280 degrees C. Moreover, 
although mixing time changes with the class of joint resin, and terms and conditions, such as kneading 
temperature, it is usually made into about 5-40 minutes. 

[0072] Moreover, this kneading is fully performed so that the front face of rare earth magnet powder may 
be in the condition of having been covered with melting or the softened joint resinous principle. Although 
the mixing time for acquiring such a condition changes with terms and conditions, such as a class of joint 
resin, and a kneading machine to be used, kneading temperature, when it kneads at said kneading 
temperature, it is desirable to usually consider as about 5 - 90 minutes, and it is more desirable to consider 
as about 5-60 minutes. 

[0073] Since it is kneaded after the viscosity of joint resin has fallen while being able to knead to 
homogeneity more in a short time compared with the case where the effectiveness of kneading improves 
and it kneads in ordinary temperature by kneading on such conditions, it will be in the condition that joint 
resin covered the perimeter of rare earth magnet powder to homogeneity, and it will contribute to 
reduction of the void content in the magnet with which the void content in a kneading object was 
decreased namely, manufactured. 

[0074] in addition, the case where n kinds of thermoplastics is mixed and used as joint resin — the above 
"heat deflection temperature (or melting point) of the joint resin to be used" — for example, it is 
convertible as follows. 

[0075] the amount of each thermoplastics when making the sum total of thermoplastics into 1 weight 



section — respectively — A1 and A2 ... An the weight section and the heat deflection temperature (or 
melting point) of each thermoplastics — respectively — T1 and T2 ... Tn ** — the heat deflection 
temperature (or melting point) of the thermoplastics used when it carries out — A1 T1+A2 T2+ ... An Tn It 
is expressed. In addition, in the following processes, these conversion are made the same, also when mixing 
and using n kinds of thermoplastics. 

[0076] the kneading object manufactured with the manufacture above <1> of <2> granulation object — a 
granulation — or a particle size regulation is carried out and the granular object of a predetermined particle 
size is manufactured. 

[0077] Although especially the method of a granulation or a particle size regulation is not limited, it is 
desirable to be made by grinding a kneading object. This grinding is performed using a ball mill, a vibration 
mill, a crusher, a jet mill, a pin mill, etc. 

[0078] Moreover, it can also carry out, for example using a granulating machine like an extrusion type 
granulating machine, and can also carry out further combining the granulation by the granulating machine, 
and said grinding. 

[0079] Moreover, adjustment of the particle size of a granular object can be performed by classifying using 
a sieve etc. 

[0080] the mean particle diameter of a granular object — 10 micrometers - it is about 2mm — desirable — 
20 micrometers - it is about 2mm — more — desirable — 50 micrometers - it is still more desirable that it 
is about 2mm. Since it becomes difficult to adjust the fill to the metal mold of a granular object delicately 
and quantum nature is inferior when the size of the magnet with which the mean particle diameter of a 
granular object is fabricated especially by 2mm or more is small (i.e., when the size of the gap of shaping 
metal mold is small), improvement in the dimensional accuracy of a bond magnet cannot be aimed at. On 
the other hand, it is the mean particle diameter of 10 micrometers. When the following granular objects may 
be difficult to manufacture (granulation), or may require time and effort and its mean particle diameter is 
too small, the inclination for the void content of the obtained bond magnet to rise is shown. 
[0081] Although such a granular object has a certain amount of variation in particle size, what has a 
uniform particle size is desirable. Thereby, the pack density to metal mold increases and a bond magnet 
with high dimensional accuracy is obtained with a low void content. 

[0082] In addition, the granular object said here is distinguished from a pellet with a large particle size 
(massive object). 

[0083] Pressing is performed using the granular object obtained with <3> pressing above <2>. Hereafter, 
typical compression molding is explained. 

[0084] It is filled up with a granulation object in the metal mold (gap) of a compacting machine, and it is 

pressed all over a magnetic field or a non-magnetic field (5-20kOe and the direction of orientation have an 

orientation magnetic field good also for any of length, width, and a radial direction). 

[0085] This compression molding is performed by blue heat forming. That is, it considers as a 

predetermined temperature (the 1st temperature) from which the thermoplastics [ heat / shaping metal 

mold ] (joint resin) using the material temperature at the time of shaping will be in softening or a melting 

condition. 

[0086] This 1st temperature is made into the temperature more than the heat deflection temperature of 
the thermoplastics to be used. Furthermore, it is desirable to consider as the temperature more than the 
melting point of the thermoplastics to be used, it is more desirable to consider as a predetermined 
temperature of the range from the melting point (melting point +200) to ** degree, and it is still more 
desirable to consider as a predetermined temperature of the range from the melting point (melting point 
+1 30) to ** degree. 

[0087] For example, when the thermoplastics to be used is a polyamide (melting point: 178 degrees C), 
especially desirable material temperature at the time of shaping (the 1st temperature) is made into about 
180-300 degrees C. 

[0088] By fabricating at such a temperature, the fluidity of the molding material within metal mold improves, 
and not to mention the thing of cylindrical and the letter of a block, the thing of cylindrical (the shape of a 



ring) and the configuration which has thin-walled parts, such as plate-like and bow tabular, a small thing, 
and a long picture thing also have a high mechanical strength, and can mass-produce the thing of fitness 
and the stable configuration, and a size with a low void content. 

[0089] The compacting pressure in compression molding is 2 60 kgf(s)/mm preferably. It is 2 two to 50 
kgf/mm more preferably hereafter. It is 2 five to 40 kgf/mm preferably to a degree and a pan. It considers 
as a degree. Since it fabricates at the 1st temperature which was mentioned above, the bond magnet which 
has the advantage which was mentioned above also with such comparatively low compacting pressure can 
be fabricated in this invention (size enlargement). 

[0090] A Plastic solid is cooled after <4> cooling pressing. This cooling is performed in the state of 
application of pressure to a predetermined temperature (the 2nd temperature) which is said under 1 st 
temperature at least. Hereafter, this is called "cooling under application of pressure." 
[0091] performing such cooling under application of pressure — low [ at the time of shaping ] — since a 
void content condition is maintained as it is, dimensional accuracy is high at a low void content, and the 
rare earth bond magnet which is excellent in magnetic properties is obtained. 

[0092] It is desirable that it is the lowest possible temperature for reduction of the void content of the 
obtained bond magnet and improvement in dimensional accuracy, as for the 2nd temperature 
(decompressing temperature), it is desirable that they are the melting point of the thermoplastics used in 
this invention or the temperature not more than it, and it is more desirable that they are the heat 
deflection temperature (softening temperature) of the thermoplastics to be used or the temperature not 
more than it. 

[0093] Moreover, as for the difference of said 1st temperature and 2nd temperature, it is desirable that it 
is 20 degrees C or more, and it is more desirable that it is 50 degrees C or more. Reduction of a void 
content and the effect of improvement in dimensional accuracy are so large that this temperature gradient 
is large. 

[0094] In addition, when there are comparatively many contents of magnet powder, even if it sets up the 
2nd temperature more highly, it is easy to obtain the bond magnet of a low void content. A void content 
can be made low (4.5% or less or 4.0% or less) also as the temperature near the melting point of the 
thermoplastics which follows, for example, uses the 2nd temperature when the content of the magnet 
powder in a kneading object is more than 94wt%, or a temperature more than the melting point (- melting 
point of about +10 degrees C). 

[0095] Moreover, although cooling under application of pressure is good in a line once it cancels or eases 
the application of pressure at the time of pressing, it is desirable to be carried out continuously, without 
canceling the application of pressure at the time of pressing because of the simplification of a process, 
improvement in dimensional accuracy, etc. 

[0096] Moreover, although the pressure in the case of cooling under application of pressure may be fixed 
or you may change, the melting point (especially heat deflection temperature) of the thermoplastics used at 
least of being held uniformly is desirable. When the pressure in the case of cooling under application of 
pressure changes, a pattern which increase or decrease in number continuously [ a pressure ] or gradually 
may be included. 

[0097] Moreover, as for the pressure in the case of cooling under application of pressure (when this 
pressure carries out aging, it is the mean pressure), it is desirable that it is less than [ the compacting 
pressure at the time of pressing, an EQC, or it ], and it is more desirable that the melting point of the 
thermoplastics used at least is equivalent to the compacting pressure at the time of pressing. When, also 
cooling the between from the melting point of the thermoplastics to be used to heat deflection temperature 
under application of pressure, as for a pressure in the meantime, it is desirable to carry out to about 40 - 
100% of the compacting pressure at the time of pressing, and it is more desirable to consider as about 50 - 
80%. 

[0098] In addition, it cannot be overemphasized that cooling may be continued under pressureless (under 
ordinary pressure) after cooling under application of pressure (after decompressing) in this invention. 
Moreover, after performing cooling under pressureless, cooling under application of pressure may be 



performed again. 

[0099] Although especially the cooling rate in the case of cooling under application of pressure (it is the 
average when a cooling rate carries out aging) is not limited, it is desirable that it is 0.5-100 degrees 
C/second, and it is more desirable that it is 1-80 degrees C/second. When a cooling rate is too quick, by 
rapid contraction accompanying cooling, a detailed crack occurs, and a possibility of causing lowering of a 
mechanical strength is in the interior of a Plastic solid, and internal stress may increase by cooling, the 
strain and deformation by stress relaxation may arise at the time of the ** material from metal mold, and 
dimensional accuracy may fall. On the other hand, if a cooling rate is too slow, the cycle time of shaping 
will increase and productivity will fall. 

[0100] Moreover, when continuing cooling also after decompressing, especially the cooling rate is not 
limited but can be made into the same cooling rate as the above. 

[0101] In addition, the cooling rate in the case of cooling after decompressing in the case of cooling under 
application of pressure may be fixed, or may change, respectively. 

[0102] In addition, in this process, what kind of method may be used for the method of cooling for the 
combination of an air cooling without blower, forced-air cooling, water cooling, oil quenching, water cooling, 
and air cooling etc. 

[0103] The rare earth bond magnet manufactured by the method of above this inventions has the following 
outstanding properties. That is, it can take still more preferably for 2.0% or less 3.5% or less more preferably 
below 4.5% (vol%) preferably [ a void content is low and ]. Thus, by one with a low (= density is high) void 
content, dimensional accuracy is high, a mechanical strength is high and it excels in corrosion resistance, 
and also when it mass-produces, there is little variation in a size, and it excels in dimensional stability. 
[0104] Furthermore, it excels in magnetic properties, and especially, from the niimerousness of the 
presentation of magnet powder, and the contents of magnet powder etc., even if it is an isotropic magnet, 
it has outstanding magnetic properties. 

[0105] That is, in the case of the rare earth bond magnet fabricated all over the non-magnetic field, it is 
maximum magnetic energy (product BH) max. In the case of the rare earth bond magnet which is 8 or more 
MGOes more preferably and was preferably fabricated all over the magnetic field 6 or more MGOes, it is 
maximum magnetic energy (product BH) max. Twelve or more MGOes are 13 or more MGOes more 
preferably. 

[0106] in addition, the configuration of the rare earth bond magnet obtained by this invention, especially a 
size, etc. are limited — not having — for example, a configuration — being related — cylindrical, a 
prismatic form, and cylindrical — the thing of all configurations, such as circular (imbricate form), plate-like, 
and bow tabular, is possible, and the thing of all magnitude is possible also for the magnitude from a large- 
sized thing to a micro thing. 
[0107] 

[Example] Hereafter, the concrete example of this invention is explained. 

[0108] (Example 1) Mix magnet powder, following joint resin (thermoplastics), and a following additive, knead 
this mixture, and carry out the granulation (particle size regulation) of this kneading object. The granular 
object was obtained, it was filled up with this granular object in the metal mold of a making machine, and 
compression molding (blue heat forming) was carried out all over the non-magnetic field, and it cooled, 
maintaining the application-of-pressure condition at the time of shaping by this **, and the rare earth bond 
magnet (sample No. 1-9) with which magnet powder was combined by solidification of joint resin was 
manufactured. In addition, each content of each matter shows the amount in a kneading object. 
[0109] - configuration Nd-Fe-B system magnet powder: — Nd12.0Fe77.8Co 4.3B5!9 and 96.0wt% — A-G 
of a publication in the thermoplastics:table 1, an each 2.8wt% anti~oxidant:hydrazine system anti-oxidant, 
and a 1.2wt% mixing:Henschel mixer — using — mixing. 

[0110] Kneading: Knead with a biaxial extrusion kneading machine. Kneading temperature is table 2 
reference. 

[0111] A screw speed 100 - 300rpm. Mixing-time 5-15 minute granulation (particle size regulation): 
Grinding and a classification adjust a kneading object to a grain with a mean particle diameter of 0.8mm. 



[01 12] Shaping: The granular object was fed into metal mold and pressing was carried out in the place 

heated to a predetermined molding temperature (the 1 st temperature). 

[01 1 3] Refer to the table 2 for molding temperature and compacting pressure. 

[01 14] Cooling: It cooled to decompressing temperature (the 2nd temperature), maintaining an application- 
o-f^pressure condition, it cooled to ordinary temperature further after decompressing, and the sample was. 
taken out. 

[01 15] The cooling method was made into air cooling. Decompressing temperature is table 2 reference. 
[01 16] The cooling rate in cooling under application of pressure is 1 degree C/second. 
[01 17] Mold-goods configuration: The shape of a cylindrical shape (an outer-diameter phi30mmx bore 
phi28mmx height of 7mm) 

Plate configuration (3mm in 20mm angle x thickness) (for mechanical-strength measurement) 

When the magnetic engine performance (flux density Br, coercive force iHc f and maximum magnetic energy 

(product BH) max), density, a void content, a mechanical strength, and corrosion resistance were 

investigated about the obtained rare earth bond magnet, it was as being shown in the following table 3. 

[01 18] In addition, assessment of each parameter in a table 3 followed the following methods. 

[0119] Magnetic engine performance: 40kOe Maximum impression magnetic field 25kOe after carrying out 

pulse magnetization It measures with a direct-current magnetic-measurement machine. Or after starting a 

magnet piece with a 5mm angle x thickness of 1mm from a shaping sample, it measures by VSM. 

[0120] Density: Measure by the Archimedes method (underwater method). 

[0121] Void content: From the measured value of a weighing capacity presentation and the density of a 
Plastic solid to calculation 

[0122] Mechanical strength: Measure by the punching shear test. Circular punch (outer diameter of 3mm) 
performed the testing machine by shear rate 1.0 mm/min using the autograph by Shimadzu Corp. 
[0123] The magnet of a plate configuration is used for a sample. 

[0124] corrosion-resistant : — the constant temperature of the temperature of 80 degrees C, and 90% of 
humidity — time amount until it feeds a shaping magnet into a constant humidity chamber and rust is 
generated on a magnet front face — measurement. Surface observation is taken out from a tub every 50 
hours, and is observed with an optical microscope (x10 time). 500 hours after observed every 500 hours. 
[0125] 
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[A table 2] 
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[0127] 
[A table 3] 
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[0128] Although each rare earth bond magnet (sample No. 1-9) by this invention using thermoplastics as 
joint resin was low compacting pressure, the void content was as low as 1% or less, and the bond magnet of 
the high density as theoretical density was obtained mostly, consequently it was able to obtain the magnet 
with a dramatically high mechanical strength, so that clearly from a table 3. 

[0129] Moreover, it had corrosion resistance sufficient also in the condition of not performing coating for a 
magnet front face. It is presumed that this reason is because joint resin has covered the magnet powder 
front face to homogeneity according to there being few holes. 

[0130] When observed by taking the electron microscope photograph (SEM) of the cutting plane about 
each magnet of sample No.1-9, most holes were not observed but it was checked that the joint resinous 
principle is distributing the circumference of magnet powder to homogeneity. 

[0131] Furthermore, flux density Br and coercive force iHc The maximum magnetic energy product (BH) 
max It is high and it turns out that they are outstanding magnetic properties. 

[0132] (Example 1 of a comparison) The granular object was obtained, following magnet powder and joint 
resin (thermosetting resin) were mixed, this mixture was kneaded, compression molding (cold forming or 
blue heat forming) was carried out [ the granulation (particle size regulation) of this kneading object is 
carried out, / it was filled up with this granular object in the metal mold of a making machine, ] all over the 
non-magnetic field, joint resin was stiffened after that, and the rare earth bond magnet (sample No.10-15) 
was manufactured. In addition, each content of each matter shows the amount in a kneading object. 
[0133] - Configuration Nd-Fe-B system magnet powder : the thing of a publication in Nd12.0Fe77.8 Co 



4.3B5.9 and the 96.0wt% thermosetting resinrtable 4, 4.0wt% (a curing agent is included) 
Mixing: When solid resin is used at a room temperature, mix by the V shaped rotary mixer. 
[0134] When liquefied resin is used at a room temperature, it mixes with an agitator. 
[0135] Kneading: Knead using a kneader. Refer to the table 5 for kneading temperature. 
[0136] The kneader rotational frequency 50 - 250rpm. Mixing time 30 minutes. 

[0137] Granulation (particle size regulation): Grinding and a classification adjust a kneading object to a grain 
with a mean particle diameter of 0.8mm or less. 

[0138] Shaping: The granular object was fed into metal mold and pressing was carried out with a 
predetermined molding temperature. 

[0139] Refer to the table 5 for molding temperature and compacting pressure. 

[0140] Cooling: It cooled to decompressing temperature (except for sample No.10 and 11), it cooled to 
ordinary temperature further after decompressing, and the sample was taken put. 

[0141] The cooling method was made into air cooling. Decompressing temperature is table 5 reference. 
[0142] A cooling rate is 2 degrees C/second. 

[0143] Heat treatment: Put temporary mold goods into a thermostat and harden thermosetting resin. 
[0144] Refer to the table 4 for hardening conditions. 

[0145] Mold-goods configuration: The shape of a cylindrical shape (an outer-diameter phi30mmx bore 
phi28mmx height of 7mm) 

Plate configuration (3mm in 20mm angle x thickness) (for mechanical-strength measurement) 

When the magnetic engine performance (the maximum magnetic energy product (BH) max), density, a void 

content, a mechanical strength, and corrosion resistance were investigated about the obtained rare earth 

bond magnet, it was as being shown in the following table 6. In addition, the assessment method of each 

item is the same as that of an example 1 . 
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[0147] 
[A table 5] 
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[0148] 
[A table 6] 
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[0149] With the magnet (sample No.10-15) of the example of a comparison using thermosetting resin as 
joint resin so that clearly from a table 6, it is compacting pressure 20 kgf(s)/mm 2 When it carries out, of 
course, it is compacting pressure 70 kgf(s)/mm 2 Even when it carries out, a void content is high and the 
density of a magnet Plastic solid is low. Consequently, a magnetic mechanical strength is low and the 
corrosion resistance of a mechanical strength is also low. 

[0150] When observed by taking the efectron microscope photograph (SEM) of the cutting plane about 
each magnet of sample No. 10-15, many holes existed in the interior. Moreover, distribution of the hole was 
the relation of the pressure transfer at the time of pressing, and the core had many holes, and it was in the 
uneven condition as [ say / near a front face / that it is few ]. Moreover, it was observed that the resinous 
principle is segregating. 

[0151] Moreover, it is compacting pressure 20 kgf(s)/mm 2 When it carried out, the variation in the 
mechanical strength within a sample was large, therefore since [ except the location to which the load was 
applied with circular punch ] the crack and the crack were produced by the way, measurement of an exact 
mechanical strength was not completed. On the other hand, it is compacting pressure 70 kgf(s)/mm 2 
When it carried out, the weld flash according [ the resinous principle in a kneading object ] to leakage and 
this occurred. 

[0152] (Example 2) The granular object was obtained, the granulation (particle size regulation) of this 
kneading object is carried out, magnet powder, following joint resin (thermoplastics), and a following additive 
were mixed, this mixture was kneaded, and compression molding (blue heat forming) was carried out [ it 
was filled up with this granular object in the metal mold of a making machine, and ] all over the magnetic 
field, and it cooled, maintaining the application-of-pressure condition at the time of shaping by this **, and 
the rare earth bond magnet (sample No. 16-1 9) was manufactured. In addition, each content of each matter 
shows the amount in a kneading object. 

[0153] - Configuration Sm-Co system magnet powder : Sm (Cobal.FeO.32CuO.06ZrO.01 6)7.8, 95.0wt% 
thermoplastics :P PS resin, a 4.2wt% anti-oxidant:hydrazine system anti-oxidant, 0.8wt% mixing: Mix using a 
V shaped rotary mixer. 

[0154] Kneading: Use various kneading machines. Refer to the table 7 for kneading conditions. 

[0155] Granulation (particle size regulation): Grinding and a classification adjust a kneading object to a grain 

with a mean particle diameter of 0.8mm. 

[0156] Shaping: The granular object was fed into metal mold, and pressing was carried out in the place 
heated to a predetermined molding temperature (the 1 st temperature), impressing a horizontal magnetic 
field (15kOe). 

[0157] Molding temperature is 320 degrees C and compacting pressure is 2 20 kgf(s)/mm. It carried out. 
[0158] Cooling: It cooled to the decompressing temperature (the 2nd temperature) of 150 degrees C, 
maintaining an application-of-pressure condition, it cooled to ordinary temperature further after 
decompressing, and the sample was taken out. 
[0159] The cooling method was made into air cooling. 



[0160] The cooling rate in cooling under application of pressure is 5 degrees C/second. 

[0161] Mold-goods configuration: Rectangular parallelepiped (a 8mm[ 11mm by ] x height of 7mm and the 

height direction are the direction of orientation.) 

Plate configuration (3mm in 20mm angle x thickness) (for mechanical-strength measurement) 

When the magnetic engine performance (the maximum magnetic energy product (BH) max), density, a void 

content, a mechanical strength, and corrosion resistance were investigated about the obtained rare earth 

bond magnet, it was as being shown in the following table 8. In addition, the assessment method of each 

item is the same as that of an example 1 . 
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[0163] 
[A table 8] 
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[0164] The void content was as low as 1% or less, the bond magnet of high density was obtained, 
consequently each rare earth bond magnet (sample No.16-19) by this invention had a mechanical strength 
and high corrosion resistance so that clearly from a table 8. 

[0165] Moreover, when observed by taking an electron microscope photograph (SEM) like the above about 
each magnet of sample No.16-19, most holes were not observed but it was checked that the joint resinous 
principle is distributing the circumference of magnet powder to homogeneity. 

[0166] Furthermore, maximum magnetic energy (product BH) max It is high and it turns out that they are 
outstanding magnetic properties. 

[0167] (Example 2 of a comparison) Magnet powder, following joint resin (thermoplastics), and a following 
additive were mixed, it was filled up with this mixture in the metal mold of a making machine, compression 
molding (blue heat forming) was carried out all over the magnetic field, and the rare earth bond magnet 
(sample No. 20, 21) was manufactured. In addition, each content of each matter shows the amount in 
mixture. 

[0168] - Configuration Sm-Co system magnet powder : Sm (Cobal.Fe0.32Cu0.06Zr0.01 6)7.8, 95.0wt% 
(sample No.20), and 96.0wt% (sample No.21) 

Thermoplastics :P PS resin, 4.2wt% (sample No.20), and 3.2wt% (sample No.21) 

Anti-oxidant: Mix using a hydrazine system anti-oxidant and a 0.8wt% mixing:V shaped rotary mixer. 
[0169] Shaping: Mixture was fed into metal mold, and pressing was carried out in the place heated to a 



predetermined molding temperature, impressing a horizontal magnetic field (15kOe). 

[01 70] Molding temperature is 320 degrees C and compacting pressure is 2 20 kgf(s)/mm. It carried out. 
[0171] Cooling: It cooled to the temperature of 150 degrees C, and the sample was taken out. 
[0172] The cooling method was made into air cooling. 
[0173] A cooling rate is 5 degrees C/second. 

[0174] Mold-goods configuration: Rectangular parallelepiped (a 8mm[ 1 1mm by ] x height of 7mm and the 
height direction are the direction of orientation.) 

Plate configuration (3mm in 20mm angle x thickness) (for mechanical-strength measurement) 
By reaching sample No.20, when resin leakage arose at the time of shaping and the edge and the end-face 
section of mold goods adhered to punch of a making machine, ****** of mold goods arose, and each of 
magnets of 21 could acquire those, such as an edge, or the configuration of injury student **** and a 

request, and cut it. _ _ _ , , . 

[0175] When observed by taking the fabricated electron microscope photograph (SEM) of a portion, 
distribution of a joint resinous principle had become an ununiformity and was in the condition in which the 
magnet powder portion and the joint resin portion were intermingled. 

[0176] Moreover, as mentioned above, it reached sample No.20, and since each of magnets of 21 was 
defectives, effective measurement of a mechanical strength etc. was not completed. 
[0177] (Example 3) Mix magnet powder (two sorts), following joint resin (thermoplastics), and a following 
additive, knead this mixture, and carry out the granulation (particle size regulation) of this kneading object. 
The granular object was obtained, it was filled up with this granular object in the metal mold of a making 
machine, and compression molding (blue heat forming) was carried out all over the magnetic field, and it 
cooled, maintaining the application-of-pressure condition at the time of shaping by this **, and the rare 
earth bond magnet (sample No.22-30) was manufactured. In addition, each content of each matter shows 
the amount in a kneading object. 

[01 78] - Configuration Sm-Co system magnet powder : mix using Sm (CoO.672 Fe0.22Cu0.08Zr0.028)8.35, 
70.5wt%Sm-Fe-N system magnet powder:Sm2 Fe17N3, 23.5wt% thermoplastics:polyamide resin (Nylon 12), 
a 5.0wt% antioxidantphenolic antioxidant, and a 1.0wt% mixing:Henschel mixer. 

[0179] Kneading: Knead with a biaxial extrusion kneading machine. Kneading temperature is 150-300 
degrees C. 

[0180] A screw speed 100 - 300rpm. Mixing-time 10 minute granulation (particle size regulation): Adjust a 

kneading object to the grain size shown in a table 9 by grinding and the classification. 

[0181] Shaping: The granular object was cut by rubbing and it supplied to metal mold by the method, and 

pressing was carried out in the place heated at 220 degrees C (the 1st temperature), impressing a 

horizontal magnetic field (15kOe). Compacting pressure is 2 10 kgf(s)/mm. It carried out. 

[0182] Cooling: It cooled to the decompressing temperature (the 2nd temperature) of 100 degrees C, 

maintaining an application-of-pressure condition, and the sample was taken out. 

[01 83] The cooling method was made into water cooling. 

[01 84] The cooling rate in cooling under application of pressure is 20 degrees C/ second. 

[0185] Mold-goods configuration: Plate configuration (a 2.5mm[ in width-oMace / of 15mm / x thickness ] 

x height of 5mm and the height direction are the direction of orientation) 

When magnetic weight, density, a void content, and height were measured about the obtained rare earth 
bond magnet, it was as being shown in the following table 9. 
[0186] 
[A table 9] 



No. 


[mm] 


[mg] 


[g/cm a ] 


3£ ?L ^ 
[%] 


i§5 £ 
[am] 


2 2 


2 


1073 


5. 78 


0. 30 


4. 9 5 


2 3 


1. 8 


10 75 


5. 78 


0. 30 


4. 9 6 


2 4 


1. 5 


10 77 


5. 78 


0. 30 


4. 97 


2 5 


1 


1 0 79 


5. 78 


0. 30 


4. 98 


2 6 


0. 5 


10 8 3 


5. 79 


0.12 


4. 99 


2 7 


0.1 


108 1 


5. 79 


0.12 


4. 98 


28 


0. 05 


1 080 


5. 76 


0. 64 


5. 00 


29 


0. 0 1 


1075 


5. 72 


1. 33 


5.0 1 


30 


0. 007 


10 7 1 


5, 68 


2. 02 


5, 0 3 



m tfSftZ&MmtU^li. n= 1 0<D¥%M 



[0187] By setting out of the particle size of a granular object, the outstanding quantum nature is obtained, 
it is a low void content and a bond magnet with high dimensional accuracy is obtained so that clearly from 
a table 9. Especially, when the particle size of a granular object was the range which is 0.01 -2mm, it could 
be compatible with a super-low void content (1% or less) and close dimensional accuracy (a size error is 
less than **5/1 00mm). 

[0188] (An example 4, example 3 of a comparison) Mix magnet powder, following joint resin (thermoplastics), 
and a following additive, knead this mixture, and carry out the granulation (particle size regulation) of this 
kneading object. The granular object was obtained, it was filled up with this granular object in the metal 
mold of a making machine, and compression molding (blue heat forming) was carried out all over the 
magnetic field, and it cooled, maintaining the application-of-pressure condition at the time of shaping by 
this **, and the rare earth bond magnet (sample No.31-42) was manufactured. In addition, each content of 
each matter shows the amount in a kneading object. 

[0189] - configuration Nd-Fe-B system magnet powder: — Nd12.6Fe69.3Co12.0B6.0 Zr0.1 and 97.0wt% 
thermoplastics: — A or F in a table 1, an each 1.5wt% anti~oxidant:hydrazine system anti-oxidant, 1.4wt% 
lubricant:zinc stearate, and a 0.1 wt% mixing:Henschel mixer — using — mixing. 

[0190] Kneading: Knead with a biaxial extrusion kneading machine. Kneading temperature is 150-350 
degrees C. 

[0191] A screw speed 100 - 300rpm. Mixing-time 5 minute granulation (particle size regulation): Grinding 
and a classification adjust a kneading object to a grain with a mean particle diameter of 0.3mm. 
[0192] Shaping: The granular object was fed into metal mold, and pressing was carried out in the place 
heated to the molding temperature (the 1st temperature) shown in a table 10, impressing a radial magnetic 
field (15kOe). Compacting pressure is 2 15 kgf(s)/mm. It carried out. 

[0193] Cooling: It cooled to the decompressing temperature (the 2nd temperature) of 100 degrees C, 
maintaining an appHcation-of-pressure condition, it cooled to ordinary temperature further after 
decompressing, and the sample was taken out. 
[0194] The cooling method was made into water cooling. 

[0195] The cooling rate in cooling under application of pressure is 30 degrees C/second. 

[0196] Mold-goods configuration: The shape of a cylindrical shape (it pressurizes in an outer-diameter 

phi20mmx bore phi18mmx height of 5mm, and the height direction) 

Plate configuration (3mm in 20mm angle x thickness) (for mechanical-strength measurement) 

When the magnetic engine performance (the maximum magnetic energy product (BH) max), density, the 

void content, and the mechanical strength were investigated about the obtained rare earth bond magnet 

(example 4: sample No.32-36, 38-42, example of comparison 3:sample No.31, 37), it was as being shown in 

the.following table 10. In addition, the assessment method of each item is the same as that of an example 1. 

[0197] 



[A table 10] 



No. 






/ T-J IT \ 

(BH) max 
[MGOe] 


sE St 

[g/on 3 ] 


3xi TL ^ 


-i*H i-P AJt 34^ f*js 

[kgf/W ] 


3 1 


A 


130 










32 


A 


1 50 


17. 0 


6. 2 1 


2. 52 


5. 10 


33 


A 


180 


1 7. 5 


6. 28 


1. 42 


7. 10 


34 


A 


200 


1 8. 2 


6. 34 


0. 48 


7. 70 


35 


A 


300 


17. 8 


6. 32 


0. 79 


7. 6 1 


36 


A 


360 


16.2 


6. 32 


0. 79 


7. 55 


37 


F 


1 60 








rnn&m 


- 3 8 




19 0 


16. 9 


6. 3 6 


2. 70 


8; 1 0"~ 


39 


F 


2 50 


1 7. 5 


6. 44 


1. 48 


9. 25 


40 


F 


3 00 


1 8. 0 


6. 50 


0. 56 


9. 78 


4 1 


F 


3 50 


1 7. 6 


6. 50 


0. 56 


9. 65 


4 2 


F 


400 


15.5 


6. 50 


0. 56 


9. 60 



[0198] Like sample No.32-36 in a table 10, arid 38-42 (example 4), when molding temperature was more 
than the heat deflection temperature of joint resin, joint resin was able to change into softening or a 
melting condition at the time of shaping, and it was able to fabricate. ' 

[0199] Especially, like sample No. 33-36, and 40 and 42, when molding temperature is more than the melting 
point of joint resin, the void content of the obtained magnet decreases further and becomes higher [ the 
magnetic engine performance ]. 

[0200] On the other hand, since joint resin did not become soft like sample No.31 and 37 (example 3 of a 
comparison) at the time of shaping when molding temperature is under the heat deflection temperature of 
joint resin, a granular object could not fix mutually, a configuration could not be held, but shaping impossible 
or shaping was faulty. Therefore, measurement was impossible also about each parameter. 
[0201] (An example 5, example 4 of a comparison) Mix magnet powder, following joint resin (thermoplastics), 
and a following additive, knead this mixture, and carry out the granulation (particle size regulation) of this 
kneading object. The granular object was obtained, it was filled up with this granular object in the metal 
mold of a making machine, and compression molding (blue heat forming) was carried out all over the non- 
magnetic field, and it cooled, maintaining the application-of-pressure condition at the time of shaping by 
this **, and the rare earth bond magnet (sample No.43-52) was manufactured. In addition, each content of 
each matter shows the amount in a kneading object. 

[0202] - configuration nano crystal Nd-Fe-B system magnet powder: — A or G in Nd5.5 Fe66B18.5Co5 
Cr5 and the 98.0wt% thermoplastics.table 1, and each 1.0wt% anti-oxidant:hydrazine system anti-oxidant 
1.0wt% mixing: — a Henschel mixer — using — mixing. 

[0203] Kneading: Knead with a biaxial extrusion kneading machine. Kneading temperature is 150-350 
degrees C. 

[0204] A screw speed 100 - 300rpm. Mixing-time 10 minute granulation (particle size regulation): Grinding 
and a classification adjust a kneading object to a grain with a mean particle diameter of 0.1mm. 
[0205] Shaping: The granular object was fed into metal mold and pressing was carried out in the place 
heated to a predetermined molding temperature (the 1st temperature). For molding temperature, 200 
degrees C (resin A) and 300 degrees C (resin G), and compacting pressure are 2 25 kgf(s)/mm. It carried 
out. 

[0206] Cooling: Maintaining an application-ol^pressure condition, it cooled to the decompressing 
temperature (the 2nd temperature) shown in a table 1 1 , and the sample was taken out. The cooling method 
was made into water cooling. 

[0207] The cooling rate in cooling under application of pressure is 50 degrees C/second. 



[0208] Mold-goods configuration: The shape of a cylindrical shape (it pressurizes in an outer-diameter 
philOmmx bore phi7mmx height of 7mm, and the height direction) 

When the magnetic engine performance (the maximum magnetic energy product (BH) max), density, the 

void content, and the outer diameter were investigated about the obtained rare earth bond magnet 

(example 5: sample No.44-47, 49-52, example of comparison 4:sample No.43, 48), it was as being shown in 

the following table 1 1. In addition, the assessment method of each item is the same as that of an example 1. 

[0209] 

[A table 11] 



No. 






(BH) max 
[UGDe] 


25® 
Eg/on 3 ] 


ffi TL * 


[mm] 


43 


A 


200 


8. 0 


6. 49 


3. 55 


1 0. 00±0. 08 


44 


A 


180 


8. 2 


6. 56 


2. 5 1 


1 0. 00±0. 05 


45 


A 


160 


8. 6 


6. 65 


1.17 


1 0, 00±0. 02 


46 


A 


140 


8. 6 


6. 67 


0. 87 


10.0 1 ±0. 0 2 


47 


A 


100 


8. 7 


6- 68 


0. 73 


10. 0 1±0. 0 1 


48 


G 


300 


7. 3 


6. 55 


4. 26 


1 0. 04±0. 1 0 


49 


G 


2 75 


7. 9 


6. 64 


2. 95 


10. 02±0. 04 


50 


G 


260 


8. 3 


6. 74 


1. 49 


10.0 1 ±0. 03 


5 1 


G 


240 


8. 5 


6. 78 


0. 90 


1 0. 00±0. 0 1 


52 


G 


200 


8. 5 


6. 79 


0. 76 


1 0. 00±0. 0 1 



[0210] The void content of the magnet with which decompressing temperature was acquired when the 
difference of below the melting point of joint resin or decompressing temperature, and molding temperature 
was 20 degrees C or more is low like sample No.44-47 in a table 11, and 49-52 (example 5), density is high, 
the magnetic engine performance is high, and dimensional accuracy is high (a size error is less than 
**5/100mm). Such a property is improving, so that decompressing temperature is low. 

[0211] Especially, like sample No.46, and 47, 50 and 51, when decompressing temperature is below the heat 
deflection temperature of joint resin, the density almost near theoretical density can be attained and it 
becomes the magnet of the extremely excellent magnetic engine performance which can fully demonstrate 
the property of magnet powder. 

[0212] On the other hand, like sample No.43 and 48 (example 4 of a comparison), when decompressing 
temperature and molding temperature are the same, dimensional accuracy is low and a void content is also 
high compared with said sample No.44-47, and 49-52, 
[0213] 

[Effect of the Invention] The rare earth bond magnet which it excelled in the moldability also in the amount 
of little joint resin performing pressing by blue heat forming using the granular object of a kneading object 
according to [ as stated above ] this invention, and by cooling in the state of application of pressure after 
blue heat forming and to predetermined temperature further, and the mechanical strength was high at the 
low void content, and whose dimensional stability (dimensional accuracy) was high, and was excellent in 
magnetic properties can be offered. 

[0214] In this case, when the particle size of a granule is the range of desired, a void content is very low 
and, moreover, dimensional stability improves further. 

[0215] Moreover, since it carries out pressing, using thermoplastics as softening or a melting condition, the 
rare earth bond magnet of the above-mentioned property can be manufactured with comparatively low 
compacting pressure, and manufacture is easy. 

[0216] The temperature below the melting point of the thermoplastics which the 2nd temperature at the 
time of cooling (decompressing temperature) uses especially, when it is the temperature below heat 



deflection temperature further, or when having deviated the 1st temperature and beyond predetermined 
temperature, a rare earth bond magnet with very high dimensional stability with a very low and void content 
can be offered. 



[Translation done.] 
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5©©ii*ffi. 

[0016] (3) mw,mmm^(Dmm^±mm^m 

*©-&#»^9 0~9 9wt%T&£±fEl £fcte2f;if2 

30 «©«±ajj«>H«E©aBfi*». 

[0017] (4) mfBSM«iftc. wntffi±m*^ 

=rrs±E (1) (3) ©l»-fn*»KB«©#± 

S8#>K«5©»it*tt. 

[0018] (5) gtrGStttt^offiesftfi&ihffj© 

*S*#0. l~2wt%T-&£±f2 (4) CE«.©*± 
a#>h'«5©«ifi*ft. 

[0019] (6) mzm%L£fzizmmt, ®mz& 

0ff^n-5±fE (1) fcl^L (5) ©Vi-rn36»CE*© 

^±a^> h*jse©saig^ffi= 

40 [0 0 2 0] (7) MIB^^WT^gdU 0 ym 
~2mmT*£±IS (1) Jft^U (6) ©V»"j"n^CB2« 
©^±*#> h*^5©©3fi*^. 
[0 0 2 1] (8) BufSJjnBEfiEJ^ti, 

±12 (i) &hl (7) ©i»rn*»icE«©»±asj«> 

H«E©«jS*ffi. 

[0 0 2 2] ( 9 ) MIEm 2 ©i&Ktt, mii^mm 
©»jST»S±B3 (1) ft^b (8) ©i»m3&»t:flB« 
©»±JH*>H«E©«ift*ffi. 

[0 0 2 3] (10) ffiG$2©fflfttt. ffi£ft£ttlB 

so ©^^^jas-e$.s±te (i) (8) ©^-rn*^ 



«BI¥ 10-1 2472 



(4) 

5 

[0024] (in fiMBSi ©£K£ffiE$2©fi& 

«h©Srt*, 2 0t:«±T«.-5±IB (1) (10) © 

[0 0 2 5] (12) «H31ni£E«»T?©»flItt. HUlSjD 

ffiriE»©iK©fli£Es#i»r*2:ta:<3iaLTfftons 
±e (i) tt^b (in ©v»-rn*>Kett©#±a*> 

K«5©Wfi3Erffi. 

[0 0 2 6] (13) " WEHnffi*E»l^©ri6»flE*K»' 
b, WElnffi*IBT©»jail^©£E**«H#*fctt-tna io 
TT£-5±fB (1) ftl^b (12) ©Vi'Tn*KE«©# 

±m-$y F«5©«is#i*. 

[0 0 2 7] (14) «rElnffi«IBT©»3JlWf©K* 

», t*>UEiB^»iB©iijia*T-3t»rff»*n 

T^-S±E (1) &V>b (13) ©Vi-fn*^3EiE©f&± 
gt*>Fig5©Sjg#ft. 

[0 0 2 8] (15) MEDnflEttttTOftailSCflE* 
tt. ^fc<£*>ffiE»l©fifl^S2©fiflM)lll]©iB£ 
£T— j£l;:#j#£tlTV>£±iE (1) ftl^b (13) ©^ 
■4*n^KE«©#±«#»*8B5©HiB*ffi. 20 

[0 0 2 9] (16) K»EftlEE«aT?©»ai«r©»ai3i 
S«, 0. 5~10CC/»T?*5±ffi (1) ftl^b 

(15) ©v»-rnj6»icE«©#±a#>K»5©»jfi* 

[0 0 3 0] (17) HfEJniffiJ«»l^©J«»ffi*Ja. 6 
Okgf/mmZ EJrFT**±ffi (1) &l>b (16) Wfft 
a»fcE*©»±«#>F«5©«jfr:#8j. 

[0 0 3 1] 

[»«©*«©»»] KT. *369I©#±«#>F«5 
©W&frSlCt^TBMnKKW'r*. 30 

[0 0 3 2] #5B9l©*±S#>F«5©«i6#&tt. 
6^T©lS*^bTViS. 

[0 0 3 3] <l>*±«3l?>H«5ffla«ft©fi*|« 
©JSjg 

tf5) WHISTS. i©ffifiE%tt. «±SH85 
tt£WJg (AW>^~) <hT*8fi£Sn5. S 

©asmjw^tsiosn*. cns©ft«j*j*»»4. «*. 

[0 0 3 4] «T. dtt&©ft«#J$#K-3V»TBigi-j-' 
•5. 

[0 0 3 5] 1 . ^±S^5«»* 

tr£&«fcD&* *>©**#£ b<, #© [1] ~ 

[4] *fSLH t 

[0 0 3 6] [1] Sm*±£-r*»±«7C*f£, C 

os^tr-^a^jntss+jSE^fr**)© (rt, so 



Sm-C.of^tf'j) . 

[0 0 3 7] [2] R (fcfc'U RttY£$tT#±JB 
7cS©-5^^^<t ! fe 18) £, Feft±tt4W& 
Mi, B<h£«#j£#£-f 5&© (£JIT, R-Fe-B 

[0 0 3 8] [3] SmSr3Et-r-£)^±m7C*t. F 

S*l«»it4feO Sm-Fe-NIMtf 
5) . ' . " 

[0 0 3 9] [4] R (fcjEU R«Y£"£tr#±« 
7C*©5'-fe^a:< tfel® tFefOlMIt^l 
#J&#£:b, ^y*-*-U^T«teffi£*rr*t>© 

(£TF, JHHSj tf5) . 

[0 0 4 0] [5] ME [1] ~ [4] ©MfiK©fc© 

£-T*#«5»*©?ihK&#tff <&£ia«T*, J; OS 

[0 04 1] Sm-Co^CftaM&trotLT 
«, SmCo5 , Sm2 TM17 (fcfc'bTMte, 
JK) J&*¥tf 6tt*. 

[0 0 42] R-F e -B»-&&©fS8W&*>©<2:bT 
te, Nd-Fe-BS^, Pr-Fe-B^. N 
d-Pr-Fe-Bf^, Ce-Nd-Fe - RJfca 
Ce-Pr-Nd-Fe-BI^, Z.tlt>\Z&\5 
SFeffl- gB£Co. NiffflirolMlTiiLfc 

[0 0 4 3] Sm-F e -NSS'&&©f^Wfc i fc©£:b 
Ttt, Sm2 F ei7-&^SS'ft:bT^SabfcSm2 Fe 
17N 3 jtfUSWFSn*. 

[0 0 4 4] «E»5N»C*tt«WE*±«l7C*i:l/T 

Y, La, Ce. Pr. Nd, Pra. Sm, Eu,. 
Gd, Tb, Dy, Ho, Er, Tm, Yb. Lu, 3 

yiszL*9)VtmVf*>tl* ^n?>€r iasrcf4 2a«± 
^truttfT**. WE31»*»ibTe, F 
e, Co, Ni^^Vfetl, mS£llSfcH21 

«5»*«fCr4. i&gtCJ&b, B, Al, Mo. 
Cu. Ga. Si, Ti, Ta. Zr, Hf, Ag, Z 

[0 0 4 5] *&, ^5^*©¥^g«, #K8SS£ 
n&t^rt s , 0. 5-IOOm gSAWSK. 1~5 

tt, 0il;Uf, F. S. S. S. ( Fischer Sub-Sieve Sizer) & 

k «t 0 anrr s £ *. 
[0046] sfc, ms«»*©iias5J-*tt, is— et, 

n&#>F»5©£a*£J:Dfi«-r5i:£ i bT#4. 
ft*5. iWE [5] ©«£■. S£r*«5»*©aj«# 
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[0047] &5!&&*osjfi*&«, ^tc®^^n-r, 

b) x#£>nfcfc©, 7^;U7rx^$:Mjg-r^©{c 
m>*J&»*#«fi8«T?, «J#>#©s&?MMr (ttffi 

&#iiefi*«*^) sweu i©i)t mm &m&tt. 
ntfe<tK ' ' 

[0 0 4 8] £Jl±0±'5&«5»*Offll««I+T?0'ft* 
9 0~9 9wt%ggT&5©7Wff£L<, 9 3~ 
9 9wt%SST»a©j5««fcO»SL<. 9 5~9 9wt% 

anr. B5»*©sw*&*#»«f*£, 
[0049] 2 . &&mm w >y-) 

[0050] m'viM&mmtisTte. wx.t£* #U75 

K (09 : ^"-T n > 6 , t-Tn>46 1 t-fa>66. 
-f n > 6 l o . t<a>6i2, Hn>i l, ^ n 
>12, t<D>6-12, HD>6-66) , ^"51 

77'f F, jSUx^WX #U^nlfU>, X3=-U>- 

[0051] une.©^^Tfc, j*»tticflHa. 

*W««!i«»^Ct*»5, #'J73 !**&«■€■©#«•& 
>U-;P7r-f Ffc^frsfc©, f&W(D®%& J P{g.u7, 

[0052] ffli»6n4»Rrantwrett, ikjSj&«i 2 0 

'CKlO'bO^SOiWtK, 122t~40 0t 
O s bCDX*5©*t<fc0»*K, 125t~3 5 0i:O 

<b©T**©a«s&fc#$Ln. »£j&«i&teTiEtt*« 

©*>©T&5i, «5riS##©»JlftttjWftTU +#fc 
Sfc. HjftjJ«ffliE±IBtt*:ifflA*'b©-r»S 



(5) 

<? 

[0 0 5 3] J*»tt*±0lft±S**&»t:, ffl 

^*nzMmw8M&<ow-*%to=HL (ffi^a) ». 1 0 
0 0 o~6 0 0 0 osg^xab-scQjW sl<, 1000 

0~3 5 0 0 OSSX*-5©* t «kOJff*U^. 
[0 0 5 4] £Jl±©J:5ft*i^»JB©iB««1'T©-&«' 
S«. 1~1 0wt%SST*S©i6WS l~8wt 
XSfln?*4©*«#*l/<. l~5wtKgflTT?**©** 

10 (mzmj<M^*)V3r-m) ©ifii±*«Hni*, * 
fc, ^-j*i«**»fiT-r*«^i*«-r. «g^msi© 

[0055] 3. mtmitm 

mitm±m^ «**©«£©«*£. *±swbr5»* 

©Ilfc#fc*iS£ttII©SMtK:J:*** (#±««5© 
•*©fc**##tt«^bT«<c:<tfcJ:0£i;*) SB6 

©Kft;B6ihjW©asuntt, S±«WE»*©IMt£RjI: 

20 fc, #±!HsH>FaefflajsR*©jg||[Rr.'riE»«pK:*Jt 
■&»tt5ej£tt©6U:fc:*#U ^*V»IS^'»Jfi«TA» 

[0056] z\oMitm±mi^ mmm^m^^^M 

X'#ftT -5. 

[0057] mitmikMtLxte. ^±mm^^m<D 

30 «. zhDAM>iI, kF5S»fb#*. ->T>fb 

[0 0 5 8] C©«fc3£*{tW±»!l£Sflr$"*»&» S 

M^^(D^bKjh^J©^W»«. 0. l~2wt%@St 

•rs©3Wff*i/<, 0. 5~i. 5wtxg«tr*©fl« 

J:0»SLVi„ £©«£. gtffcKikSfl 
»li©**»fc»b 2-150 %iSf$^OWSt 
40 <, 3 0~ 1 0 0 %gffiTft*©35<J;t)iifSb^. 
[0 0 5 9] *««TI4. K<bB&Jkai©iSAlS 

tt. H3f2^H©TfiSffl^TX*oXfeJ:<, Sfc. «^ 

joxa^xfecfct^iitt. s^STtan. 
[0060] MflBtt^ere^tt{bi»ii:$i^©asftis». 

[0061] -rato^. |g^«fffi*«**cv»t*ictt, ffi 
WttKffiSI&stci^JtSnbT. SM(©IR©iifil(tt©ttdl 

50 tt^t. »jiB©BMi:*H-«-Kaitt-rs^ta«Ttrft<s: 
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[0 0 6 2] «£»lB*«2Hr»£SK:tt, ffl^Wt 

ffiTLT»JB©iMbjWB;i»3fc< <S5. ■?-©£«>. % 
'ft»j£ffl*<^jft<'t4>»8B(!!)*fl:6Ml«-r*C4:#Tirffi 

<t&5. 10 
[0 0 6 3] ^<DJ;5tC, t§£ttJ&©-&*S#tJtttn$> 
tttltf. «fcRjk»©^*£^fc<T*i:ia<T*. 

jS»k. e£WJi©*#«a*d>fcw-ntf. gtffcteih&i©-^ 

[0 0 6 4] f^T. aJftt*©»£WJB£tt{bl&il:*!f 

tO'&tf'&^Stt, 1. 0~8. 0-wt%7f»S©*W* ■ 
L<, 2. 0~6. 0wt^T»SO*iJ;0Jfab^. £ 
©J:3£«H£"r*;:£fc«fc0. 

ns. 

[0 0 6 5] 4. •5-©ft&©^D0^| 

m vun->^--f;K #i7>^x, Bias 

[0 0 6 6] Blfflffl©*lntt. j«»«f©«£iM4*lRl±S 

z.t*~°imf?z>. n»ffl©aytoKrH»T'bfil«T» 
5. pJM89©i&!ragl;i, o. oi~o. 2wt%g^Tafe 

*©*«#3;L<. iH»S!©*ini*tt. 0. 05-0. 5 

[0 0 6 7] «±©±3fc#±iK»E»*fc. 
t. £?£L<tt&{fc»ltj?J.h. &BK:j&C-?-©fl&©*iHl 

[0068] ^\>->x;us^-y— ^© 

[0 0 6 9] SflEtt. W*tf2fflmiijlli$«> n-;i,j£ 
StttR.- n-^-*©S««Sffl^Tfrtons. 

[0 0 7 0] £©8ttt£. $f*L<ttffllr»SiS£»IB© 
fSMi&ft (ASTM D648 K«fc3#ffiTiM£) £LL©a 

[0 0 7 1 ] »^»JBtUT#U75 F (9R& 

Sb^jgi^iaaEH, 15 0~2 8 0t§gtab?>. * 

fc. attftMtt. &£ttlg©asi't>. S»S^©ig^ so 



70 

[0 0 7 2] Sfc. z<Dumtz. ^±®^5«»*©*a 

£©±3tttt*£1**;fc»©8*W#Ma. 

«»©liSl^ttffl"r*jil«*. fi*fiflE«f©lt*#K:<k 

9 M5~9 0»igit2>CAWJU< < 

5~6 0»S*tT*©*»J:Off*bl». 
[0 0 7 3] C©J;5ttftfl=Tfi«[-r*'£:2:fcJ:0'."fi 

*t©3Msa*ifij±u nf»Tai«rr*»^K:it^T±Dji. 

©tt«#T#ofc#ffiTa*Sns©T, f±iiEI9 
*©HHSI£^*lB#i%— fc*ofc#»£fr»5. 
+©a?L*©«^, TfcfeS»ifianfc«5*©S3L* 
©aM>l*«F#T*. 
[0 0 7 4] &*5, 8£ttMB£bT. nliOiWItt 

ffi^g^bxfflt^^. me r^^«is#ttj|g©iift 

X^aft J tt. 00*. tf. *©±5K1LT 

[0075] Mvim&mmcD&mzimmfflizisrziii* 

©#r»Rl!Btt»JB©**-€-h-^nAi. , A 2 • • - An 
S*SB. #!RiiJfflttWflB©*!t£«aa (*fcttM£> £ 

-tn-fftTi , T2 • • • Tn tbfct*, m^zm*i 
ffittwiB©*tx&ag e, ai tj +a 

2 T2 + • • • An Tn T*£n-5. £©&» 

[0 0 7 6] < 2 >ii&#l©§Sjg 

[0 0 7 7] jg&£fc«:fi&©*&te. «rfcRj£Sftfc 
V»3&«. a**ft»« ll T»CtKJ:0a:Sns©3&»JfSb 

[0078] St. «*.«#mai6tt«©.fc5«tfBtfc« 
[0079] ^L^coi&m(Dmmt. u^&m 

[0 0 8 0] ^iil©¥^tegH. 10Mm~2mmS^ 
l?S&*©*W*b<. 2 0 Aim ~2mmgSTfe-5©*;ct 
0Jf^b<'. 5 0 urn ~2imngeT»*©3&S3 SCjff S 
LVi. ft««©¥J%*tS**2im6Jl±Ttt, «KriE»Sn 
S«5©Tfj*3ft«/h*^«^H, -rftto%*»*a!©=f ^ 
•y y© .^ffi^/h $ n (c. Stt«© ©^fe«S 5r 

#>K«5©'+jSfelltflE©iai±*«Hn)S:lr». 

f 'l 0 urn J^T©Stt#l«. Sig (ita) a»H»^Sfc 
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(7) 

// 

-r. 

[oo8i] c©±3fc«tt*tt, i&mz&%mm<Drt 
[0 0 8 2] frfc, c^-ews&ttwa, 

[0 0 8 3] < 3 >jbPEEfifc» 
SIHE<2>T?»6hfcS««fefflViTlnffi«»*ff5.' 

[0 0 8 4] £ffi4b£fiEIBj£&tt©&£>rt (*^:/) 
(Bft«»JWI*«5~2 OkOe > IE 

raffle. IE. $t 7^T;^[Rj<DVi-rnt>Bj) 

[0 0 8 5] COBE«riE»tt, SIBJj«»Tfft)nS. T 

Mtt«£:£SiJrJe©filS (JSlOlft) tt5. 
[0 0 8 6] i!©gSl©}&^kL fflVi*ISft'BTMH4»Ji© 

(ttjis+200) *caflr*T©ieHoBr3t©aflii 

[0 0 8 7] ■fflV»*»piaitt»IB**#U73 H 

(HA: 17 8C) T&S*^. jS»P3K:**tS«rK:# 
'*UVi«»«fll (IBl©»SD tt. 1 8 0-3 0 0131 

[0 0 8 8] dW^^^SST^-r^CltlCtO, £ 30 

«©t>©«#jn©;i£. n«« (u>^«) . 

5. 

[0 0 8 9] ffi»jS»K:fc»*aj*.#EE*tt, JftKH 
6 0kgf/mm2 £*T. J: <9Sf * L < 2 ~ 5 0 kgf/mm2 g' 
&. $^tC^*b<«5~4 0kgf/mm2 g^t$n^>. 
sMBWTtt, Jflj£Ufc«k3&*l©iMrcj*»?£fi 1 '5fc 40 

[0 0 9 0] <4>^ 

[0 0 9 1 ] Zl©<t57ijlj0JET^Sff -5 dtfd<t0, 



>-? 

[0 0 9 2] !!!2©iS« (BffififlD tt. #6ftft#> 
h* «B5© £?L* ©{&M43 J: © 14 ± <h o T 

©*«#sl<'. «ti*s»prffltt«K©n!ae»fi* 
*fc»*tft«T©»an?**©#.fc?>flF*i^. 

[0 0 9 3] Sfc.'"j»(B561"©fiff£jB2©«BE£©g 
«U 2 0*C£A±T*-5©*W*b<. 5 0t{JiiT£S 
©jft««kt)»SUV». £©fi£i8ayc*v>S. S?L^©{g; 
*&«fctfTfi£»«©ft±©»*#***lr>. 

[0 0 9 4] «5©*©*W«**ikttW*V»*^ 
fctt, *2©fifl^±Di«<W!£LTfc«£?L*©3l«> 
F«5*»»H. flgoT, fflttftf©BE»* 
©*#«*«0!l*.tf 9 4wtX6JLh©*£Ktt. SB2©ig& 
.fflti*J»?IJatt»ffi©»j#tf*iff©«flESfctt»A6<. 
±©iSK orgfi) tUTt>. £7L^£{£ 

< (4. 5%KTJfcli4. 0%£AT) t5it^ 
4. 

[0 0 9 5] tnffiTJ&SItt. JPE^JgB#©jDJES 

Rf©10EES»*-rset&<»ttbTfTton*©36«, X 

8©fB*fl:*J:rXTfffi*irflE©ia]±«F©fcftK:»*L^. 
[0 0 9 6] g-fc, JpfiET&2?©B£©ffi#«. 

SEftbTfe tt>fflv»*j»«iaae»jB©ifc 

A (tt£*t£&fift) *Ttt-^K:««rSnT^*©*« 
JO£ET»«I©IK©ffi*3ft t *'fb-r5*#. «>L 

[0 0 9 7 ] jdomT} | &ajl©IR©JBE* <REE#rt«ift 

B$^<bT-5«^(c«^©¥^ilE^) tt. iPffif£J£Bf©j£ 
»ffi*tra«f*fctt-t-naTif**©3^>f*b<, 

»BE*tra<sfT»*©3&«j:Dff*bv». uant 

»K©»jSi* i 6J»*»il«S"P©WI*)JniffiTifJ l &Si"rs 

-t©IBI©ffi*tt. JWffiJ*»«f©riG»JEE*©4 0 
~lOO%gttt50?5Wil<, 50~80%iS 

t-r*©*««fct)»*b^. 

[0 0 9 8] fcfc, *^HJT«, jn£ET»ai©« (^JE 

[0 0 9 9] 10ffiTJ l &ai©IR©»a>jiflE 

0. 5~10 0t/fT$5C»SU<, 1~8 

^5-^a«»4U ««W5aft©fiT6ffl<*-t*i3if»» 
0, ?&Slk:«t0rtffl*6**«i9*:L. ^S^6©» 
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[oioo] sfc, »£EaK:t)»ai*ii*ffr<5»^, * 

[0 10 1] ft:*, METft«©l&*£tfBfcJH£©i£2? 

Vi„ ' " ~ ~ 

[0 10 2] *Iifc*HT, J*ai©^jStt. M 

*. *», «», *#££#©& 

[0103] a±©«t5ft*K9io*acT»jft*nfc# 

ft**, £?L*jWB;<. «F*b<tt4. 5% ( vol%) 

2. oxeiTtr*i:4:*s-r*a. t©«t5K:. £?L^ 

jjWftlr* (=«flEjWKW ©T, ttttft&ftfttflK, »ft 
[0104] ££tc, «$i#ttfc«n-c*D, Wc, f& 

5!fa*©fflfi)c, «5»*©^#*©*S«i»6. ^2ftt 

[0105] -rfcfe/s. fc«»*Tfifc»snfc#±«#' 

> K«5©»£, ft^:®^.x^;i/^-?i (BH) max 
b<tt6MG0e£A±. «t Off S b< «8MG0etA±TS 0 , 

x^J^-« (BH) max rtU 2MG0e£iLt, iO!f$L<tt 
1 3MG0e£LLT"&£. 

[0 10 6] ft:*, *»Wfc:J:»3»5nfc*±«Jl?>H 

«5©«mk, -ttt»tt»k:is^sn-r, «*.«, 

iLTIl WAfct, Rfttf, fttttt. RM^. nSIS^ 
(*>*>&*) . »*«««©*&«>*»#©%> 

©*«nifliT»o. *-©*#£&, ^ca©fe©*»6ja/ha! 

[0 10 7] 

[fusey] stf. **M©ftflK«3E««»ik:t>v»Tii9gr 

[0108] (HJg^J 1 ) TE©»5»*4:IS£»J1 

figj^) u ris»Rr©inffi«iBsraffiT?iiit«fb-3t?»flib 
t, is^»iiB©afti-j:»3«5©5tEra±3&«ig^anfc» 

±£#>F«5 (t)">y;UNo. 1-9) «»ifiLfc. * 

*, ft»K©^**tt, t»-fnfesii««t'©***r. 

[0109] -MA 
Nd-Fe-BISa5«a* : Nd 12 . qF e 77 . gC 04. 3 
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B5 9 , 9 6. 0wt% 

JftBiaHtWIB :*l+.fclB«©A~G, 2. 8wt% 
gSYbE&JtSiJ : t F5^>*BMbRjt»l, 1 . 2wt% 

[0 1 1 0] MM: 2*H¥titiB!MR££92Blt. iH*$iS 

[0 111] *£'J:i— Bfeffcl 0 0~3 0 Orpm „ jg 

Mmr$5~i 5# 

' (Stt)' : fi***»»2:»»lt±0¥^eao.- 

10 8mm©iKLtCiiS„ 

[ 0 1 1 2 ] fiKJg : ttttttS&fflfcSAU 3fS©fiK^ 

[0 113] fiEJgfift. j$)£EE2lH:&2&#BS. 
[0 114] fc«:-Snffitt«*l6J*Lo-3Bffifi« (SB 
2 ©©ft) STfcSIU »BE«S6IC#fi*T»ail/ 

[0 115] ^SttS^ibfc. iEi&g«*2# 
M. 

[0116] 3ramT^siT t ©^a]jiStti'c/^. 

20 [0 1 1 73 j*»fi»«: WS*3 Omxrt 

g<J> 2 8mmxS5^ 7mm) 

(2 0mm£|XjfL£ 3mm) («ttft£ft3!l£ffi) 

SBr, £U82nHc , ft*m»x^;i/*-f8 (BH) max ) , 

E* 3 izHkTM 0 o fc„ 
[0 118] ft:*. *3«l>©&»J&HB©ff«W:. SkT 

©#&C«£ofc. 
[0119] a^ittg : 4 OkOe WJWflim 
so ft^cEnSn^«2 5k0e TittSE^fflte^t iOffliJ^. S 
fctt, figjglf^^^e. 5mm^xff£ lmm©«B5>i-£iSJ 

[0 12 0] iS:7M^rXS (****) K«fcD* 

[0121] £?L* : f¥*»j*i:j$##©!B«©a£tt 

[0 12 2] :W5ft 0 H 

RJg#>^ (ng3mm) [c«k D l?0fj$ft 1 . Omm/minT 

40 tT^feo 

[0 12 3] HftCtt¥S»«©«56flffl. 

[0 1 2 43 Bfttt :-Sfl[8 0"C, SK9 0X©fiffl1I 

iT3t^at (X 1 oft) 5 0 0B^p B ^«, 

5 0 0RflH**»C«K*ff-3fc. 

[0 12 5] 

C*13 



ftPST 10-1 2472 



15 



16 



[0 12 6] 



mm 

No. 


& £ w m 


14 £ 


[~J 


A 


*y 7$HfflU8 (PAl 2) 


178 


l 4 5 


B 


* >J7^ HWK (3#yTPA6-l2) 


14 5 


4 6 


C 


#',) 7^. (PA6) 


z I o 


1 o u 


D 


'JT/nfcfUVSffll (PP) 


1 74 


105 


E 


*'Jifl/V8iI(PE) 


1 28 


86 


F 




280 


180 


G 


#i;7i^l/yt^7r-(' K (PPS) 


287 


260 



* * [«2] 



No. 






ETC] 


[■c] 


[kgf/W ] 


1 


A 


1 5 0—2 50 


2 2 0 


100 


1 0 


2 


B 


1 0 0—2 5 0 


2 0 0 


40 


1 b 


3 


A (75%) 
+ B (25%) 


1 50—2 50 


230 


1 20 


1 0 


4 


A (5096) 
+ B (50%) 


140—2 50 


2 10 


40 


7. 5 


5 


C 


1 90—2 90 


250 


1 50 


20 


6 


D 


1 2 0—2 50 


2 1 0 


9 0 


25 


7 


E 


1 00—2 00 


150 


70 


1 0 


8 


F 


200—350 


320 


140 


30 


9 


G 


2 6 0—3 60 


300 


240 


25 



[0 12 7] 



* * [*3] 



No. 


Br 
[kG] 


i He 
[kOe ] 


(BH) max 
[MGOe] 


[g/cm 3 ] 


^ ?L ^ 
[%] 


[kef/mr. 2 ] 


W J*1$ 


l 


7. 2 1 


9. 26 


1 0. 1 


6. 0 1 


0. 59 


7. 90 


>500 


2 


7.19 


9. 3 1 


10. 0 


6. 03 


0. 73 


7. 45 


>500 


3 


7. 23 


9. 23 


1 0. 1 


6. 03 


0. 37 


7. 78 


>500 


4 


7. 22 


9. 2 1 


10. 0 


6. 03 


0. 49 


7. 60 


>500 


5 


7. 27 


9. 27 


1 0. 0 


6. 08 


0. 92 


8. 1 0 


300 


6 


7. 24 


9. 35 


1 0. 3 


5. 88 


0. 58 


6.9 5 


300 


7 


7. 23 


9. 30 


1 0. 2 


5. 95 


0. 38 


5. 80 


350 


8 


7. 03 


9. 12 


9. 8 


6, 29 


0. 64 


9. 65 


450 


9 


7.0 1 


9. 1 0 


9. 8 


6. 27 


0. 59 


9. 73 


450 



[0 12 8] *3*»S9i&a*fc.k3fc. moJM&ffiffiZ 
(•y->7 p ;PNo. 1~9) tt. V»"fftt>. tel^J*»E*T 



50 



[0 12 9] Sfc, BE«BC3-7-^>y**3ftV> 

fcS o T U 5 £>T * & tMfe £ tlS . 



1$ g§¥10-12472 



(10) 



17 

[0130] ■y-yJMo. i ~ 9 ©g-metc-pi^T, 

©«»fiS©«^a*«E^K (SEM) £Jif£U 

[0 13 1] SSfc. mm^SBr, »m*iHc 
[0132] (JttfclflJ 1 VTEWKHI&jKEIgigW 



* [0136] — — ^— 1I(6» 5 0 ~ 2 5 0 rpm . SJftft 
M3 0#. 

[o 1 3 7] mm. asm) ■■ s«**»^i:»»»c«fco 

[0 13 8] figjg : ttttftfc&fflKSAU j3rJ£©J*» 
[0 13 9] fiK^iaS. J«»ffi*tt3!l5*#fl8. 

[o 1 4 o] »2ji : ^utas^T^aib (-i^^omo. 



g?tf>F^5 (+}->7 p ;PNa 10-15) ^Sjgbfc. 
T. 

[0 13 3] ■ «sfc 
Nd-Fe-B*«5»*: N d 12. qF e 77. gC 04. 3 
B5. 9 . 9 6. 0wt% 



[0141] Hffi»l£tt*5# 
SR. 

[0 1 4 2] ^^te^t/th 

[0143] mmm : firis»a*ii»»KAn, SMHb 

[0 14 4] «ft*frtta4S#RH. 
[0 14 5] riHgAJEM* : P3«#tt WS<t> 3 Ominxft 
g<J> 2 8mmx^$ 7mm) 

(2 0mm^xj»^3miD) ) 



S^fcttWIB: SK'I'fclBfcC'b©, 4. 0wt% (AMI; 20 '»6nfc#±SB#> K«5l:o^T, ®^ttfg 



[0 13 4] afiT*tt©«UiSfflVsfc»^tt. JttfMS 

[0 13 5] ?gS : ^-^-SrfflViTS*. HHHBflEW: 
« 5 * 



ft, WAttSP^fct^, TIBS 6 tC75"3"ii D "C$> o 

[0 14 6] 
[«4] 



No. 


n -6 w m 


TO 




H 






I 5 Otx Ihr 


I 




80 


1 70"Cx2hr 


J 




70 


1 80'Cx4hr 



[0147] 



^ [g5] 



tttiRWD 



No. 




ra 


ra 


ra 


[kgf/om* ] 


1 0 


H 




mM 




20 


1 1 


H 








70 


1 2 


I 


8 0—100 


1 20 


50 


20 


1 3 


I 


80—100 


120 


50 


70 


14 


J 


7 0— 9 0 


100 


50 


20 


1 5 


J 


7 0— 9 0 


100 


50 


70 



[0 14 8] 



136 6] 



nmw 10-1 2472 



(in 



19 



20 



No. 


(BH) max 
[MGOe] 


* IS 

[g/dB a ] 


[96] 


[kgf/mn 2 ] 




1 0 


8. 2 


5. 70 


7. 7 




50 


1 1 


9. 1 


5. 85 


5. 27 


3. 86 


200 


1 2 


8. 0 


5. 67 


8. 18 




50 


13 


" "9."0 


5. 8 2 


5/7 5 


3. 9 1 


" 200 


1 4 


8. 2 


5. 73 


9.5 1 




50 


1 5 


9. 2 


5. 90 


6. 83 


4. 01 


150 



mmimmmzm t»fcjt««©«s (u-^^wio. i o 

~1 5) Ttt. m&l£ts*2 Okgf/mm2 itttfH«!l 
HCDCt, J&^JE;fr£7 0kgf/mm2 tttitTfc, £ 

[0 1 5 0] 1}->y;l'No. 1 0~1 5C0#^5tCt)Vi 

t. *©«Kffl©WFBMMtf£j* (sem) simbu 

[0 15 1] Okgf/W tlfctt 

©«S35«T?*fe*»r3fc. tfmm.*l*: 7 0kgf/mm2 

[0 15 2] (Hffit>iJ2) TIB©^5*&*ii^-&©)lg 

t, #±a#>H«E (-y->y;uNo. 16-19) £S 

SMTP'S". 
[0153] -M 



(15 



Sm-Co«fi5li}*: Sm (Cobal. Feo.32Cu 
0. 06Z ro. 016 > 7. 8 » 9 5 - 0fft% 

mpim^mm ■. ppsmm. 4. 2wt% 

ItffcB&ifcftl :kH5 S^JMMbBfrJkafl. 0 . 8 wt % 
[0154] : &B£fftR£&ft. »«E*fl=tt« 7 

[ o 1 5 5 ] m®. mm :a***»»t»ac«t?) 

[01561M: «MK*£fca!lcSAU 

kOe ) *fflJnbtt*»&iinflEj*#Lfc. 
[0 15 7] j£j£i&gtt3 2 0t, J«»ffi*tt2 Okgf/ 

[0 15 8] ^ : ftl£E«SI<&«l^bOO|^£EtaS (g 

2©!&S) i5 0t:msil< iEt$?.i:ffliT 
[0159] im^mt^t ufc. 

[0 16 0] ijnEET»aJ-c©»SJi8flEtt 5 

[0161] j$&AKM£ : (IK 1 lmmx^8mmx 

(2 0mm:&xff£ 3mm) (^MWSSSfflteffl) 

fl^J^-i (BH) max ) , £?L*, m«.^ 

40 

[0 16 2] 
[«7] 



4*§l¥ 10-1 2472 



(12) 

21 22 

(HK6I5II2) 



No. 


sua 




a ^ s 

[rpn] 


aa a s 


1 6 




1 7 0—3 20 


100—2 50 


3 Okg/hr 


1 7 




180—300 


1 0—1 00 


5 kg/batch, 1 5min/batch 


18 




180—300 


2 0—100 


1 0 kg/batch, 3 Omin/batch 


19 " 


KCK 


1*7 0—3 20 


- 2 0— 8 0 


" 2 Okg/hr 



[0163] * * K8] 

(IW12) 



No. 


(BH) max 
[UQOe] 


[g/cm* ] 


mum 

[X] 


[kgf/W ] 


m * « 


1 6 


15. 2 


6. 63 


0. 65 


8. 14 


> 1 000 


1 7 


1 5. 5 


6. 65 


0. 35 


8. 23 


>1000 


1 8 


14. 9 


6. 6 1 


0. 95 


8. 0 9 


> 1 000 


1 9 


1 5. 3 


6. 63 


0. 65 


8.19 


>1 000 



um\ztmvrztz?>T\ mmm a 5koe ) ^epjnb 

[0170] ft&fifttt 3 2 0 "C, i&Wfctlfc 2 0 kgf/ 

[0171] #2? : sasi 5 cc^t^u •t*->y;i' 

SWDtHbfc. 

30 [0172] i9tm%mz&ib tisit. 

[0 1 7 3] tfi&&ffit5X;/®. 

[0 17 4] j$JgfiJ&# : (ft 1 Iminx1g8mmx 

iS2 7mm, ii5$^(^^BB(n]*l^. ) 

(2 Omm^xiPS 3mm) (flltttfJSifi&'JSffl) 
•y->^No. 2 043ctl^2 l©®5(t Vi-fttfc, 

40 [oi7 5] jfcrasnfcaa-oDm^-Bittii^ji (se 

[0 17 6] ±3jEUfc«k3f:, +>->7MWto. 2.0 

[0 17 7] (£ffift|3) TfB©G85»* (211) tift 
SSttU RS*Mfe&]fi& (&E&) lTtt«**fl, tt 



[0 16 4] «8tf»59I&j5»&.fc3fc:, 
±S#>F«5 (U->7 r ;PNa 16 — 19) tt, v^-fti 
■b. £7L*#1 KenFift<. K«fl[C!)#>H«5A«» 

SO /to 

[0 16 5] -9->y;i/No. 1 6~1 9©S15l: 

^ht. itteB^Rttictt^etttt^x (sem) &mm 
u «*£fro fetus, a»?Lttii:£:A/£«*£ft-r. 

[0 16 6] flk*:««X*;^-SI (BH) max # 

[0167] {tttm 2 ) TEO«5»* ttt^#JIB 

b, #±«sJ5>K«5 (-*>7MUNo. 2 0, 2 1) £§S 

[oi6 8] -mat 

Sm-C oSW&ffft)* : Sm (C ob a ]. F eo. 32C u 
0. 06Z ro. 016 > 7. 8 - 9 5. 0wt% (+)->:7\/I/No. 2 
0) , 9 6. Owt% (-y->7 , JUNo. 2 1) 
StftflJfflttWJB: PPSWIB, 4. 2wt% (1t>^No. 
20) , 3. 2wt% (-y->7 P ;UNo. 2 1) 
KfllteJhJW: t F75?>»Kft:86±H. 0. 8wt% 

[0 16 9]*»:ig$ft^lBl:*AU BTrS&©«» 



&B33F10-12472 



(13) 



23 



#±JS#>K^5 (-y->^;i/No. 2 2-3 
[0 17 8] -M 

Sm-Co|®5S*: Sm (Coo. 672 p e0. 22^u 

0.08Z r 0.028 ) 8. 35* 7 0. 5wt% 

Sm-F e-N^5©* : Sm2 F e 17N3 , 2 3. 

5wt% 

m : # y 7 s hwjib (^ □ > 1 2 ) , 5 . 10 

Owt% 

BKbf»it£iJ : 7xy.-;p*aft:ftitJB. 1. owtx 
[0179] stR-. 2Mj9tHssRM££0si«. mmu 

gg«l 5 0~3 0 Or. 
[0 18 0] 7^Ji-HIKR1 O 0-3 0 Orpm . A 

mmmi o# 



[ 0 1 8 1 ] j£# : Stt^fc-T 9^9 ^T^ItSA 
U 2 2 0t (Jgl©i&g) fcJnJRLfctZlST?, «B 
« (1 5k0e ) SfflJnibft3&«6lniEEj«»bfc. f£^ffi?J 
tel Okgf/W tLfc.- 

[0 18 21^3 : ifflffittBSfcttb^Hlffififll (ft 

2©ta«) 1 0 o'cst^l, ■y->7 p ;u^5iDWb 

[018 3] Lfc. " 

[0184] inffiT?&flit?<o»aijiatt2 o*c/f*. 

[0 18 5] jftBAftMK : (461 5mmXjp£ 

2. 5mmXi^$ 5mm. ia^*fS]* s lBr&]*lo]) 

St, »a&W*b&i;i3. TIB* 9 fcj^f » 

[0 18 6] 
[*9] 

(£SN&t3) 



No. 


158 [nm] 


[mg] 


& St 
Cg/cm 3 ] 




[ram] 


22 


2 


1073 


5. 78 


0. 30 


4. 95 


23 


1. 8 


1075 


5. 78 


0. 30 


4. 9 6 


24 


1. 5 


1077 


5. 78 


0. 30 


4. 97 


25 


1 


10 79 


5. 78 


0. 30 


4. 98 


26 


0- 5 


1 083 


5. 79 


0.12 


4. 99 


27 


O. 1 


108 1 


5. 79 


0.12 


4. 98 


28 


0. 05 


1 080 


5. 76 


0. 64 


5. 00 


29 


0. 0 1 


1075 


5. 72 


1. 33 


5. 01 


3 0 


0.007 


107 1 


5. 68 


2. 02 


5. 03 



[0 18 7] a9A»6WS3&>tt«t3C. 6«lllOfiiO 

StfO. 0 l~2mm(75l5HTSS*^fc«, mi&Qlim 
(1XHT) *^*atfltg (Tftt«S38«±5/l 0 

[0 18 8] (gHgft|4* J*K0>J3) TE®B5»*£ 

^UT, ft±S#>F«5 (-y->y^No. 3 1-4 
2) afcKW^WMtt. l»"ftl"bS 

[0189] 

Nd-Fe-Bil5U* : N d 12. 6^ e 69. 3C o 12. 0 



50 



B 6. 0 z r 0. 1 » 9 7 ■ Owt% 
^pTMttSJBB : * 1 ff>©ASfettF. 1 . 5wt% 
Kflsi&itffl: t F7^>3SKftBihffl. 1. 4wt% 
fflilMfl : 7f7U >Kffi». 0. lwt% 

[0190] mm : 2mwmmmffiiz£y)um. nt&M. 

fete 150-350 *c. 
[0191] 7.2 U a.— 0 0 — 3 0 0 rpm . ?g 

ifitt (Stt) :S*tt*»»£$MRK:«k0 s FiSI&£O. 

3 niBKD^irliSo 

[0 19 2] $M : fcK A U »10CS 

jM8« (1 5k0e ) &Wtn[s13.ifit>mi£tfLJB\siZ. $M 
JE*ttl 5kgf/mm2 tit. 

[0193] &$i : inffittJB&n^u^^HsffiiaflE (ft 



*?g3¥10-12472 



(14) 



25 



[0194] $i&-%mz7i<.ft}ivtz. 

[0195] jnmT»3PTo»aia«»3 ot:/^, 

[0 19 6] l&M&MVi : Htt»tt Wi* 2 OmmXft 

(2 ohaxis3id) mmft&mmizm) 



*2 — 3 6, 3 8 — 4 2, it%tM3 : ^ry^Mo. 31, 
3 7) K^lrvr, ^ttfig (*^^X^J^-« (BH) 
. max ) . mm. S7L<s, attWtfiftfcH^fctJIS, T 

[0197] 
[810] 





















(BH) max 


& f§ 


HE K * 




No. 






[MGOe] 


[g/on 3 ] 


[961 


[kgf/imn 8 ] 


3 1 


A 


130 










3 2 


A 


150 


1 7. 0 


6.2 1 


2. 52 


5. 10 


33 


A 


180 


17. 5 


6. 28 


1. 42 


7. 1 0 


34 


A 


200 


1 8. 2 


6, 34 


0. 48 


7. 70 


35 


A 


300 


17. 8 


6. 32 


0. 79 


7. 6 1 


36 


A 


360 


1 6. 2 


6. 32 


0. 79 


7. 55 


3 7 


F 


160 










38 


F 


19 0 


1 6. 9 


6. 36 


2. 70 


8. 1 0 


39 


F 


2 50 


1 7. 5 


6. 44 


1. 48 


9. 25 


40 


F 


300 


1 8 . 0 


6. 50 


0. 56 


9. 78 


4 1 


F 


3 50 


1 7. 6 


6. 50 


0. 56 


9. 6 5 


42 


F 


400 


1 5. 5 


6. 50 


0. 56 


9. 60 



[0 1 9 8] Si Ofp<DD->7Mo. 3 2 — 3 6, 3 8 
[0199] #IC, •y->7 P ;UNo. 33 — 36, 40, 4 

<t9ies<fc5. 

[0 2 0 0] i:nt»l/, U">^No. 3 1, 3 7 0t 

[0 2 0 1 ] 5 , itUE^J 4 ) Tf2©«£5»* t 

r?fc«JLT, #±SUK>F«5 Ctf-^-MJo. 4 3-5 

2) ^siigLfc. &wg.<D^mm\^ ir^rnfea 
[0202] • ma. 

^-/ISaNd-Fe-B*«5»*:Nd5.5 F e 66^ 



50 



18. 5C 05 C r 5, 9 8. 0wt% 

m*IM&18ffi : *1 <£©A£fcteG, 1. 0wt% 

RfcB&itai : k F^S^fcKffcB&Jkad' 1. OwtX 

[0 2 0 3] SI: 2 tAWtiSttlt 

Sttl 50~3 5 0t. 
[0 2 0 4] a— Hftffcl 0 0 — 3 0 Orpin . M 

1 mmCD&JCi^S. 

[0 2 0 5] tfm : fi«*S4:S(:aAU. BfJ£©f£» 

fc. fifc^iaSte, 2 0 0*C (ttfflBA) ££1*3 0 0*C 
(WJBG) , J«»ffi*tt2 5kgf/«m2 ttfc. 
[0 2 0 6] : ttlffittffi*»#U"3-3,-Sl 1 fc:* 

T^ffifiS (3B2©«K) STftSJU it > 7;]/ £1X0 

[0 2 0 7] J]PHT^T©^jaS« 5 0"C/f*. 

[0 2 0 8] fig^p D n^ : Rffi7£tt 1 OmmX|*i 

&<i> 7mmXfi5$ 7 dud. itS^frfcJOEE) 
»&n&»±S#>K«5 (HS£^J5 :-y->^No. 4 
4-4 7. 4 9 — 5 2. Jt^0iJ4 : -y->y;i/No. 4 3. 
4 8) fcOtVr, ttfttttt (l^iai^J^-a (BH) 
max ) , 3!?L*, fl-g£H^fc<>: £3, TIE« 1 



4$ §S¥ 10-1 2472 



(15) 



27 

1 iH*T»4. 



* [0 2 0 9] 
»11] 



28 



No. 




L v^J 


(BH) max 
LMuueJ 


Lg/cra 3 J 


ffi 7L ^ 


4* ti 

r \ 

LranJ 


4 3 


A 


o f\ r\ 

2 0 0 


8. 0 


6. 4 9 


3 . 5 5 


f\ /-\ f\ i ft, ft o 

10. 00±U. 08 


A A 


A 

A. 


i on 


O * Z 


b . Ob 


Z . b 1 


1 ft ft ft .4- A f\ K 


4 5 


A 


1 6 0. 


8. 6 , 


6. 6 5 


1.17 


.1 0..0 0±Q,„ft2 


46 


A 


140 


8. 6 


6. 67 


0, 87 


1 0. 0 1±0. 02 


47 


A 


100 


8. 7 


6- 68 


0. 73 


1 0. 0 1±0. 0 1 


48 


G 


3 00 


7. 3 


6. 55 


4. 26 


1 0. 04±0. 1 0 


49 


G 


275 


7. 9 


6. 64 


2. 95 


10. 0 2±0. 0 4 


50 


G 


2 60 


8. 3 


6. 74 


1. 49 


10.0 1 ±0. 03 


5 1 


G 


2 40 


8. 5 


6. 78 


0. 90 


1 0. 00±0. 0 1 


52 


G 


200 


8. 5 


6. 79 


0. 76 


1 0. 00±0. 0 1 



[0 2 1 0] SI 1 4 , G9-y->7';Hta. 44~47, 4 9 

-52 mffiM5) <»&o\z. ®mu&tf&&ffim<Dm 
mn&m&&<. ^&mmtf<m^ (-+&^m#±5/i 

E. |r]±LTH*. 

[021 1 ] -y-^y^No. 4 6, 47, 50,5 

[0212] jin^u •y->^No. 43. 4 8 (jt 
^, -tmm&&&<. >?)Wo. 44- 

4 7, 4 9 — 5 2 KJt^TitS^. 
[0 2 13] 



20 t. S6tn awj*»©ft, BfjeaftsirioEttiRT 

[0 2 14] Stt#«D«ftS3&«BfaoieHT» 
[0 2 15] JIOTattttll&ttfcSfctt&MttS 

[0 2 16] Wfc, ?&3WWfK:*^«l(5 2flDift« (R&J£iB 



